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STEROL SECRETION AND COPROSTEROL FORMATION* 


By RUDOLF SCHOENHEIMER anp WARREN M. SPERRY 


(From the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 


(Received for publication, July 6, 1934) 


Despite many investigations the formation of coprosterol from 
cholesterol in the intestine is not yet fully understood. The only 
fact known with certainty concerning this reaction is that it is 
brought about by intestinal bacteria (1). 

The sources of the cholesterol, which appears in the feces as 
coprosterol, have not been investigated hitherto. Three sources 
are possible: coprosterol may arise from dietary cholesterol, bile 
cholesterol, or cholesterol which is secreted by the intestinal 
mucosa with the intestinal juice into the lumen of the gut (2, 3). 
It has been found that such a secretion is always present and that 
the amount of secreted cholesterol is quite large. In the present 
study we have investigated the third of these possibilities with the 
aid of dogs which received a sterol-free diet and which had total 
bile fistulas (2). Any sterol found in the feces of such dogs must 
have been secreted through the intestinal wall. It has been found 
that their fecal sterols consisted mainly of coprosterol along with 
small amounts of cholesterol and dihydrocholesterol just as in the 
case of normal dogs. It is evident, therefore, that dietary or bile 
cholesterol is not necessary for the formation of coprosterol, and 
that bile is not necessary for the growth of the bacteria which 
bring about the conversion. 


EXPERIMENTAL 


Unsaponifiable material obtained by one of us (W. 8.) in 1926 
(2) from the feces of bile fistula dogs, fed a lipid-free diet, was 
utilized for these experiments. The ether-soluble unsaponifiable 


* This investigation has been made possible by a grant from the Josiah 
Macy, Jr., Foundation. 
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2 Coprosterol Formation 


fractions from the experiments were united and resaponified with 
5 per cent alcoholic NaOH. In all, 25.79 gm. of material were 
obtained. The dark brown, partly crystallized oil was extracted 
eight times with boiling methyl alcohol. 7.28 gm. remained 
completely insoluble.! The soluble fraction (18.51 gm.) contained 
10.54 gm. of sterols (determined by digitonin precipitation), of 
which 8.62 gm. were saturated (determined according to Scho- 
enheimer (4)). 

Isolation of Coprosterol—9.5 gm. of the material soluble in 
methyl alcohol were taken for the isolation of coprosterol and 
divided into six fractions by crystallization from methy] alcohol.? 
The third fraction had a melting point of 96°; after eight recrystal- 
lizations from methy] alcohol 2 gm. of coprosterol melting sharply 
at 101° were obtained. (For criteria of the purity of coprosterol 
see Dam (6).) It gave barely perceptible Liebermann-Burchard 
and Salkowski reactions. 

Isolation of Dihydrocholesterol—After four recrystallizations the 
second fraction gave an indefinite melting point of 106-110°. The 
presence of small amounts of cholesterol, which could not be 
separated by crystallization, was indicated by the Liebermann- 
Burchard reaction. The amount of cholesterol as judged by the 
color reaction did not appear to be large enough to explain the 
high melting point (6). In order to separate the cholesterol 
2.4 gm. of Fraction 2 were precipitated by an excess of digitonin 
from bromine-containing alcohol (4); the digitonides were split 
with pyridine and ether according to Schoenheimer and Dam (7). 
The crude sterols gave practically no color reaction and had an 
indefinite melting point between 120-128°. To separate copro- 
sterol 0.360 gm. was heated at 180° for 8 hours with 35 ce. of 4 
per cent sodium ethylate in an evacuated, sealed tube (Windaus 
(8)). After this treatment, 420 mg. of digitonide were precipitated 
from the solution with digitonin. The digitonide was split as 
described above and the sterols were crystallized three times from 
methyl alcohol. 39 mg. of pure dihydrocholesterol, melting at 
140.5°, were obtained. From the mother liquor of the digitonin 


1 The ether-soluble,methyl alcohol-insoluble substance, which gives no 
sterol reaction, is being investigated. 

2 The mother liquor from the sixth crystallization was utilized for the 
isolation of cetyl alcohol (5). 
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precipitation 22 mg. of pure epicoprosterol (pseudocoprosterol) 
were obtained, m.p. 116°. 


DISCUSSION 


The preparation of pure coprosterol from the feces is in general 
a difficult process. The yields tend to be small since the separa- 
tion of other sterols is attended with large losses (unpublished 
results, see also (8,9)). In the present investigation the isolation 
was very easy, probably because the dogs had received practically 
no plant sterols in their diet. 

The ease of isolation indicates that the percentage of copro- 
sterol in the fecal sterols was very high, at least as high as in 
normal human feces. Despite a sterol-free diet and total ex- 
clusion of bile from the intestine, coprosterol was the principal 
sterol excreted by these dogs. Only 11 per cent of the total 
sterols excreted was unhydrogenated (probably cholesterol (10)). 

The presence of dihydrocholesterol in the feces of these dogs 
shows that the intestinal secretion and reabsorption of sterols 
were normal. The origin of dihydrocholesterol is quite different 
from that of coprosterol. Dihydrocholesterol is formed from 
cholesterol in small amounts in the body and passes with cho- 
lesterol into the lumen of the intestine. It is not absorbable and 
so is concentrated in the intestine (11). 

The experiments show, further, that bile is not necessary for 
the growth of the bacteria which convert cholesterol to coprosterol. 


SUMMARY 


Bile fistula dogs on a lipid-free diet excrete coprosterol and 
small amounts of dihydrocholesterol in their feces. Coprosterol 
must therefore be formed from cholesterol which is secreted into 
the intestine through the intestinal wall. 
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THE DISAPPEARANCE OF HEXOSEMONOPHOSPHATE 
FROM MUSCLE UNDER AEROBIC AND ANAEROBIC 
CONDITIONS* 


By GERTY T. CORI anp CARL F. CORI 


(From the Department of Pharmacology, Washington University School of 
Medicine, St. Louis) 


(Received for publication, July 11, 1934) 


Previous experiments (1) on rats have shown that the hexose- 
monophosphate which accumulates in muscle during a short 
tetanic stimulation disappears again during 10 minutes of rest. 
When the blood vessels are ligated immediately after stimulation, 
there is likewise a decrease in hexosephosphate, suggesting that 
this ester can also disappear under anaerobic conditions. A 
further investigation of this problem has now been carried out on 
frog muscle, because mammalian muscle was found to be unsatis- 
factory for anaerobic experiments of this type, owing to a rapid 
breakdown of glycogen and adenosinetriphosphate.' 


* This investigation was aided by a grant from the Rockefeller Founda- 
tion to Washington University for research in science. 

1 In five experiments on rats, gastrocnemii were extirpated after stimu- 
lation and one muscle was analyzed at once, while the other was kept 
anaerobically at 37° for 15 minutes. The following average values (in mg. 
per cent) were obtained: immediately after stimulation, hexosephosphate 
(as hexose) 138, P found 25.0, P calculated 23.9, lactic acid 211, pyrophos- 
phate P 42; after stimulation and anaerobiosis, hexosephosphate 77, P found 
22.2, P corrected (for inclusion of nucleotide P due to formation of adenylic 
acid) 18.2, P calculated 13.3, lactic acid 331, pyrophosphate P 34. It may 
be seen that hexosephosphate disappears anaerobically in mammalian 
muscle, but that there is more organic P found in the hexosephosphate 
fraction than is calculated from the hexose content, even if the former 
value is corrected for nucleotide P. This suggests that part of the hex- 
osephosphate which disappears is converted into anon-reducing ester form- 
ing a soluble barium salt, which might be glycerophosphoric acid. In 
unstimulated rat muscle, kept anaerobically for 30 minutes, there occurs 
either no change or a slight increase in hexosephosphate (2). Apparently 
the anaerobic disappearance is due to the increased level of hexosephos- 
phate produced by stimulation. 
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6 Disappearance of Hexosephosphate 


EXPERIMENTAL 


Measurements of lactic acid, hexosephosphate, and other phos- 
phate fractions were carried out in a HgCl.-HCl filtrate of muscle, 
as described in a previous paper (3). These filtrates are practi- 
cally free of glycogen. Extraction with trichloroacetic acid, 
which was used successfully in the case of mammalian muscle, 
is not satisfactory in the case of frog muscle owing to its high 
glycogen content. 

The hexosephosphate content of resting frog muscle has been 
determined repeatedly in this laboratory. The values shown in 
Table I were obtained at the time the other experiments recorded 
in this paper were performed. Frogs were killed by spinal tran- 


TABLE I 
Hexosephosphate and Lactic Acid Content of Resting Frog Muscle 
Leg muscles were dissected immediately after spinal transection. 
All values are given in mg. per 100 gm. of muscle. 




















Hexosephosphate 
Lactic acid 
Hexose P found P calculated 
45 7.2 7.8 12 
52 9.7 9.0 8 
44 8.6 7.6 19 
51 9.3 8.8 17 
49 8.9 8.4 21 
48 8.7 8.3 15 











section and the gastrocnemius or other muscles easy to dissect 
were fixed immediately in the ice-cold extraction fluid. Under 
these conditions the hexosephosphate content of resting frog 
muscle is similar to that of resting rat muscle.’ 

In most experiments all the muscles of the two hind legs were 
stimulated simultaneously by applying an electrode, connected 
with the secondary of a Harvard coil, to the lower end of the 
spinal cord or to the nerve trunks in the pelvis after spinal tran- 


2 Much lower hexosephosphate values, often below 20 mg. per cent in 
terms of hexose, were found when frogs were kept for several days in a 
cold room at 3-5°. Muscles denervated 24 hours previously contained less 
hexosephosphate and lactic acid than muscles with intact nerve supply. 
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section. In a few cases the lower leg muscles alone were stimu- 
lated through the sciatics isolated near the knee-joint. In either 
case conditions are favorable for the production of equal tension 
on right and left side, owing to the simultaneous contraction of 
antagonistic muscles. All experiments are based on analyses of 
symmetrical muscles of the right and left leg. 

Aerobic Disappearance of Hexosephosphate—The experiments on 
rats were repeated under similar conditions on frogs. Both hind 
limbs were tetanized simultaneously, the frogs being anesthetized 
with urethane in some cases and unanesthetized in others. A 
ligature was placed above one knee-joint in order to prevent 
bleeding and the lower leg removed immediately for analysis (or 
after 30 to 60 minutes, as shown in Table IT), while the other leg 
was allowed to remain in the circulation for a longer period of 
time.* The temperature at which the animals were kept varied 
between 24-27°. 

A tetanization of three 10 second periods caused an average 
increase in hexosephosphate (in terms of hexose) of 127 above an 
average resting value of 48 mg. per cent.‘ After the stimulation, 
with the circulation intact, the hexosephosphate diminished 
rapidly in the first 30 minutes, showing an average fall of 77 mg. 
per cent (Experiments 2 to 5, Table II). From then on it de- 
creased at a slower rate and approached the resting value 2 hours 
after the stimulation. The fact that the rate of disappearance 
falls off with time is due apparently to the diminishing concen- 
tration of hexosephosphate in the muscle. This assumption is 
supported by the observation that the higher the level produced 
by stimulation, the greater is the initial rate of disappearance 
(compare Experiments 2.and 4 with Experiments 3 and 5). In 
Experiments 6 and 7 a moderate increase in hexosephosphate was 
produced by single shock stimulation and the decrease during 
30 minutes of rest was only 26 and 19 mg. per cent, respectively. 

In addition to the data recorded in Table II, the directly 
estimable (inorganic plus phosphocreatine) P, the 8 minute 


3It should be emphasized that hexosephosphate does not diffuse from 
muscle into the blood stream, nor does it pass into Ringer’s solution in 
which muscles are immersed. 

‘Similar increases in hexosephosphate were observed when muscles 
were subjected to chloroform rigor. 











8 Disappearance of Hexosephosphate 


hydrolysis value (in N HCl), and the total acid-soluble P were 
determined in each case. Recovery after stimulation was ac- 
companied by an increase in the directly estimable P, which 
corresponded closely to the amount of inorganic P liberated by 
the disappearance of hexosephosphate. 


TaBLe II 
Disappearance of Hexosephosphate in Frog Muscle with Intact Circulation 
Tetanic stimulation of the lower end of the spinal cord for three 10 
second periods with 10 second pauses was applied, except in Experiments 4, 
5, and 8, in which sciatic branches of the lower leg muscles were stimulated. 
The temperature varied between 24-27°. 
Values are given in mg. per 100 gm. of muscle. 





























Time after stimulation 

0 min. 30 min. 60 min. 120 min. 
z Hexosephosphate Hexosephosphate ——— a 
P 2/4 3 a 3 ol3 i 3/3 3 
3 3 
g/ 2) 2 lez} 2] 8] 2 lagi 2)8] 2 losis] 8) 2 |dgls 
Blela 2s) S/a}a las] Sle] a le2/S ia] a [f2/3 
1 | 148/28.7/25.5) 212) 95*|19.0/16.4/130 
2 | 193/32.2/33.3| 89) 98 |18.1/16.9| 66 
3 | 162|27.5/27.9| 109|105 |18.9|18.1) 46 
4 | 207\37.9|35.7| 92/108 |18.7/18.6) 19 
5 | 168/27.8/29.0| 95/110 |18.6)19.0) 22 
6t| 130/21.0/22.4) 180)104 |18.5)17.9)114 
7t| 93/15.8)16.0 74 |11.9)12.7 
8 107 |19.6)18.4) 25 | 93/16.3)16.0) 22 
9 120 |21.3)/21.4) 79 |106/19.9)18.3) 65 
10 105/20.7/18.1) 79) 77|14.7/13.3 
ll 81/13. 6/14.0| 64) 63)10.9)10.9) 35 
12 45| 8.3) 7.8) 18 



























































* 15 minutes after stimulation. 
t Single shocks at a rate of 54 per minute for 15 minutes. 


The rate of aerobic disappearance of hexosephosphate does not 
seem to be influenced by the lactic acid concentration present in 
muscle, at least within the range of variations encountered in 
these experiments. After stimulation of both hind limbs through 
the spinal cord (Experiments 1 to 3) the lactic acid content of 
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muscle was still elevated after 30 minutes of rest,’ while after 
stimulation of the lower leg muscles alone (Experiments 4 and 
5) the lactic acid had returned to the resting value,’ but hexose- 
phosphate disappeared at about the same rate in the two cases. 
After the first half hour the rate of disappearance of hexose- 
phosphate was slowed considerably whether or not an excess of 
lactic acid was present in muscle. 

In the experiments on rats (1) the hexosephosphate showed an 
average decrease of 69 mg. per cent during 10 minutes of rest; 
i.e., it diminished at a much greater rate than in the experiments 
on frogs, in spite of the fact that the initial level of hexosephos- 
phate produced by stimulation was lower (129 as compared to 
175 mg. per cent). However, there was a difference in temper- 
ature of more than 10° in the two sets of experiments. 

Anaerobic Disappearance of Hexosephosphate—After spinal 
transection and stimulation, the muscles of one leg were analyzed 
immediately while the symmetrical muscles of the other leg were 
transferred to a moist chamber or to Ringer’s solution and kept 
anaerobically for various periods of time, as shown in Table III. 
During the first 30 minutes of anaerobiosis the hexosephosphate 
content rose on an average 22 mg. per cent,® while in muscle 
with the circulation intact and kept at the same temperature it 
diminished 77 mg. per cent during the same period of time. This 
indicates that oxygen has a marked influence on the disappearance 
of hexosephosphate. 

When these experiments had been performed, it was thought 
at first that hexosephosphate cannot disappear in anaerobic frog 
muscle; it may be seen, however, that extension of the anaerobic 
period to 60, 90, and 120: minutes resulted in an average decrease 
of hexosephosphate of 49, 63, and 78 mg. per cent respectively.’ 


5 The difference is due to the fact that owing to the activity of a large 
muscle mass in the former case, the blood lactic acid rises higher than in 
the latter case. 

* Presumably the increase in hexosephosphate represents an additional 
breakdown of glycogen which occurs after the stimulation, comparable to 
the delayed lactic acid formation. 

7 Ronzoni and Kerly (4) did not find a disappearance of hexosephos- 
phate in anaerobic frog muscle. The muscles were first kept anaerobically 
for 2.5 hours in Ringer’s solution at pH 6, which caused a moderate increase 
in hexosephosphate without lactic acid formation. On changing to pH 9 
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This decrease occurred whether the muscles-were suspended in a 
moist chamber or in Ringer’s solution. Also, changing the pH 
of the Ringer’s solution from 6.9 to 7.8 and addition of MgCl; 
lactate, phosphate, and KCl did not influence the zaie of disap- 
pearance. The fair agreement between P found and P calculated 
(Columns 8 and 9, Table III) indicates that the hexosephosphate 
which disappears is dephosphorylized and the direct measurement 
of inorganic P liberated during the anaerobic period supports this 
assumption. 

In Experiments 13, 14, 17, and 18, Table III, the decrease in 
hexosephosphate is approximately balanced by the increase in 
lactic acid: 


—64, —54, —81, —52 for hexosephosphate; average —63 mg. % 
+60, +68, +80, +59 “ lactic acid; ” +67 “ G% 


This suggests that the hexosephosphate which disappears anaero- 
bically is converted to lactic acid. 

Disappearance of Hexosephosphate Accumulated under Influence 
of Epinephrine—It was found in previous experiments that iso- 
lated frog muscle kept anaerobically in Ringer’s solution contain- 
ing epinephrine shows a marked increase in hexosephosphate (3). 
Use was made of this observation in the present work, the aim 
being to find out whether the hexosephosphate can disappear 
again when the epinephrine is removed. The technique was 
briefly as follows: Matched muscles of small diameter (sartorius, 
ileofibularis, semitendinosus, etc.) were first soaked for 1 to 2 
hours in oxygenated Ringer’s solution buffered with NaHCO;- 
CO, (pH 7.2). This was followed by an anaerobic period of 
2 hours (by substituting N.-CO, for O.-CO.) during which the 
muscles were exposed to epinephrine in a concentration of 1:10’. 
In addition, control experiments were performed (first group of 
experiments in Table IV) in which no epinephrine was added. 
After removal from the Ringer’s solution the muscles of one side 
were analyzed immediately, while the matched muscles of the 
other side were transferred to fresh Ringer’s solution containing 





lactic acid formation was resumed, but the hexosephosphate showed a 
decrease of less than 10 mg. per cent during 1 to 3 hours of anaerobiosis. 
Since we have not carried out experiments at pH’9, the two sets of experi- 
ments are not directly comparable. 


























second periods with 10 second pauses. 
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TaB_e III 
Disappearance of Hexosephosphate in Anaerobic Frog Muscle 
After spinal transection, pelvic nerves were tetanized for three 10 


During the anaerobic period 


muscles were kept in a moist chamber (M.) or in Ringer’s solution (R.) 
through which purified N; or H; was passing. The temperature varied 


between 25-28°. 


Values are given in mg. per 100 gm. of muscle. 
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no epinephrine and kept anaerobically for 2 more hours. In the 
last group of experiments in Table IV, the muscles were instead 
allowed to recover for 1 hour in oxygenated Ringer’s solution. 


Tasie IV 
Disappearance of Hexosephosphate in Frog Muscle Previously Treated with 
Epinephrine 
For description see text. R. = Ringer’s solution buffered with bicar- 
bonate — CO, (pH 7.2). R. + E. = Ringer’s solution plus epinephrine 
1:10’. The temperature was 20° throughout. 
Values are given in mg. per 100 gm. of muscle. 



































First anaerobic period (2 hrs.) Second anaerobic period (2 hrs.) 
Hexosephosphate Hexosephosphate 
Lactic Lactic 

Hexose | P found P ww ons Hexose | P found —- -_ 

R 39 | 10.1 6.7 | 34 R. 54 11.1 9.3 | 63 
38 9.2 6.6 | 20 45 9.9 7.8) 38 

33 7.8 5.7 | 17 50 10.5 8.6 | 36 

42 9.1 7.2 19 62 12.1 | 10.7} 50 

38 9.0 6.6 | 22 53 10.8 9.1 | 47 

R. + E. | 128 | 22.5 | 22.1 36 R. 73 15.0 | 12.6/| 81 
128 | 23.3 | 22.1| 40 81 15.5 | 14.0| 79 

107 | 23.2 | 18.5 | 33 69 13.7 | 11.9] 71 

119 | 19.9 | 20.5; 19 95 16.9 | 16.4| 50 

127 | 21.5 | 21.9] 17 104 17.1 | 17.9 | 45 

122 | 23.1 | 21.0 18 98 20.2 16.9 42 

122 | 22.2 | 21.0| 27 87 16.4 | 15.0} 61 

R. + E. 98 17.2 | 16.9 | 42 R.* 45 9.5 7.8] 36 
133 | 22.0 | 22.9 23 66 12.8 | 10.4} 20 

99 | 16.6 | 17.1 17 60 10.3 | 10.3 17 

131 25.1 | 22.6 | 26 71 12.0 | 12.2} 20 

115 | 20.2 | 19.8 | 27 60 11.1 | 10.3 | 23 
































* Recovery for 1 hour in oxygen. 


The temperature was 20° throughout, as compared to 24—27° in 
the preceding experiments. 

The analyses at the end of the first anaerobic period show the 
composition of muscle at the time it was transferred to fresh 
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Ringer’s solution. When the hexosephosphate level was low at 
the time of transfer, as in the control muscles not treated with 
epinephrine, there occurred a slight increase in hexosephosphate 
during the second anaerobic period. However, when the hexose- 
phosphate level was increased by exposure to epinephrine during 
the first anaerobic period, the ester disappeared anaerobically 
during the second period and its average decrease of 35 mg. per 
cent corresponded closely to the average increase in lactic acid of 
34 mg. per cent. The average lactic acid formation in untreated 
anaerobic muscle (control experiments in Table IV) amounted to 
25 mg. percent. It may be seen that the anaerobic disappearance 
of the ester leads to the formation of only 34 — 25 = 9 mg. per 
cent of “extra lactic acid.”” This could be explained by the 
hypothesis, which has not as yet been tested experimentally, that 
the lactic acid formation from the accumulated ester replaces most 
of the lactic acid formation which occurs in untreated anaerobic 
muscle (i.e. in muscle with a low hexosephosphate level) at the 
expense of glycogen. 

When muscle previously treated with epinephrine was allowed 
to recover in oxygen (last group of experiments in Table IV), 
hexosephosphate disappeared 3 times as rapidly as under 
anaerobic conditions. As in the case of stimulated muscle, oxygen 
greatly accelerated the removal of hexosephosphate. The fate of 
hexosephosphate disappearing in oxygen will be discussed in an- 
other paper, but it may be mentioned here that the ester also 
disappears from muscle completely poisoned with iodoacetate; 
hence, the removal of the ester in the presence of oxygen is not 
dependent on lactic acid formation. 


- SUMMARY 


1. An increase in hexosemonophosphate was produced by tetani- 
zation of the hind legs of frogs and the rate of disappearance of 


8 The Ringer’s solution of the first anaerobic period was not included in 
the analyses. Owing to this fact the lactic acid values, as recorded in 
Table IV, are low because a large part of the lactic acid formed anaerobi- 
cally diffuses from muscle into the Ringer’s solution. At the end of the 
second anaerobic period the Ringer’s solution was included in the analyses. 

® There was no indication of pyruvic acid formation during the anaerobic 
disappearance of the ester. The authors are indebted to Dr. A. H. Heg- 
nauer for the lactic acid analyses in conjunction with these experiments. 
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the ester was determined under aerobic and anaerobic conditions. 
During 30 minutes of recovery, with the circulation intact, the 
hexosephosphate content (in terms of hexose) diminished on an 
average 77 mg. per cent and approached the basal value 2 hours 
after the stimulation. When the muscles were removed from the 
body and kept anaerobically, there occurred an average decrease 
of 49, 63, and 78 mg. per cent in 60, 90, and 120 minutes, respec- 
tively. 

2. Instead of by stimulation, an increase in hexosemonophos- 
phate was produced by keeping isolated frog muscles anaerobically 
for 2 hours in Ringer’s solution containing epinephrine in a con- 
centration of 1:10’. Subsequent transfer of these muscles to 
Ringer’s solution without epinephrine caused the ester to dis- 
appear 3 times as rapidly under aerobic as under anaerobic 
conditions. As in the case of stimulated muscle, oxygen greatly 
accelerated the disappearance of hexosephosphate. 

3. Both after stimulation and after treatment with epinephrine, 
the anaerobic disappearance of hexosephosphate was accompanied 
by the liberation of an equivalent amount of lactic acid and by 
the liberation of inorganic phosphate. 
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In 1926 Campbell and Hanna (1) published a method for the 
determination of fructose based upon the reduction of molybdenum 
in phosphoric acid solution and the reoxidation of the reduced 
molybdenum with potassium permanganate. This method is not 
entirely specific for fructose; other substances in blood and urine 
have some reducing action upon the molybdic acid reagent. The 
method will not permit microapplications of the same magnitude 
as are possible with colorimetric methods, the regular procedure 
being developed to estimate 1 mg. quantities. The time required 
for reduction is 90 minutes, which limits the usefulness of the 
method. 

In 1927 a method based upon the Seliwanoff reaction was pub- 
lished by Kronenberger and Radt (2). These authors depro- 
teinized blood with trichloroacetic acid and treated the filtrate 
with resorcinol and HCl. They stated that normal blood filtrates 
gave a brownish color with their reagents; and they experienced 
difficulty in determining fructose in urine because of interfering 
substances. They abandoned their procedure and adopted the 
method of Van Creveld (3), which was published the same year. 

Van Creveld’s method makes use of the blue color produced 
when fructose is dehydrated with HC] in the presence of diphenyl- 
amine, a reaction first observed by Ihl and Pechmann (4). In 
this method blood is deproteinized with HgCh, the filtrate is 
mixed with HCl and diphenylamine in a tube and placed in a boil- 
ing water bath for 15 minutes, the color obtained is extracted 
with amyl alcohol, and comparison is made with standards pre- 

* Some of the data in this paper are taken from a dissertation presented 
by Joseph H. Roe in partial fulfilment of the requirements for the degree of 
Doctor of Philosophy, Yale University, 1934. 

15 








16 Fructose in Blood and Urine 


pared by dissolving fructose in mercury blood filtrates. Corley 
(5) has modified the Van Creveld method and applied it to the 
determination of fructose in tungstic acid blood filtrates, and in 
urine. He found a greenish color produced by the Van Creveld 
reagents with tungstic acid blood filtrates, but was able to use an 
aqueous fructose standard for colorimetric comparison by intro- 
ducing a correction for the interfering color. Both Van Creveld 
and Corley reported difficulty in applying this procedure to urine. 

A study of the color reactions for fructose mentioned above 
was made, and it was found that a greater depth of color could be 
obtained with resorcino] than with diphenylamine under the same 
dehydration conditions. The Seliwanoff reaction was therefore 
selected as the basis of the method which has been developed and 
will be described below. 

In his original procedure Seliwanoff (6) used 12 per cent HCl. 
It was found that the sensitivity of the reaction could be improved 
by increasing the concentration of HCl to 18 per cent, although it 
is not safe to go much above this concentration of acid. The 
dehydrating conditions of the reaction were improved further by 
introducing ethyl alcohol. Alcohol also acts as a solvent for the 
red product formed, and thus serves to produce a much better 
and a more stable color than is obtained with aqueous solution. 
Under these conditions a slow reaction with glucose occurs at the 
temperature of the boiling water bath. This objection was over- 
come by warming the reaction mixture in a water bath at 80°. 
At this temperature there is no color produced by glucose with the 
proposed reagents and technique when glucose is present in 
amounts less than 300 mg. per 100 cc. This makes it possible to 
determine fructose in normal blood and urine without interference 
from glucose. By these adjustments of the conditions of the 
Seliwanoff reaction a color is produced which is 13 times as intense 
as that obtained when the original Seliwanoff reagents are applied 
to a fructose solution at 80°. 

When the reagents of this method are applied to tungstie acid 
blood filtrates, a brownish color is obtained which is apparently 
the result of overdehydration of the fructose. The Somogyi zinc 
hydroxide deproteinizing method (7), however, produces blood 
filtrates which yield colors that are entirely satisfactory for com- 
parison with the colors obtained with aqueous fructose standards. 
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Considerable difficulty was experienced in applying this method 
to urine. The problem with urine is the removal of pigments and 
cellular debris. Adsorbent silicates, and lead, mercury, silver, 
uranium, and zine salts were tried as clarifying agents without 
success. The difficulty was overcome by using an acid-washed, 
reactivated, decolorizing charcoal. Washing the charcoal with 
acid is necessary to remove basic constituents. The urine mixture 
must have a reaction acid to pH 3.1 to prevent the adsorption of 
fructose by the charcoal. The proper pH for removing the inter- 
fering substances, and not removing the fructose, cannot be pro- 
duced with certainty unless the charcoal is washed reasonably 
free of basic constituents. The charcoal must also be reactivated 
by heating it to redness for some time. 

Reagents 

0.1 per cent alcoholic resorcinol. Dissolve 0.5 gm. of resorcinol 
in 500 ec. of 95 per cent ethyl alcohol. This reagent should be 
made up fresh once every 2 months. 

30 per cent HCl. To 1 part of distilled water add 5 parts of 
concentrated HCl, sp. gr. 1.19. Concentrated HCl may be used, 
but the addition of some water makes a reagent that fumes less 
and is more pleasant to work with. 

Standard fructose solutions. Prepare a stock standard by 
dissolving 1 gm. of c.p. fructose in 100 cc. of saturated benzoic 
acid solution. Three working standard solutions, containing 0.1, 
0.05, and 0.025 mg. per ce., are made by diluting the stock stand- 
ard with saturated benzoic acid. Fructose keeps well in benzoic 
acid solution. 

Somogyi deproteinizing reagents. Solution I, 10 per cent solu- 
tion of ZnSO,-7H.O. Solution II, 0.6 n NaOH. The two solu- 
tions must be so related that when 10 cc. of Solution I, diluted to 
50 or 75 cc. with water, are titrated with Solution II, 10.8 to 11.2 
ec. of the latter are required to produce a permanent pink color 
with phenolphthalein. 

Acid-washed, activated charcoal. Place 100 gm. of a good 
grade of adsorbent charcoal on a filter and pour over it 500 cc. of 
10 per cent acetic acid. Wash with 1000 cc. of water. Remove 
the charcoal to a vessel suitable for heating to high temperatures. 
Apply heat slowly at first until the water has evaporated and then 
heat the charcoal to redness for 15 minutes. When treated by 
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this procedure, norit was found to be entirely satisfactory for 
clarifying urine preliminary to the determination of fructose. 


Procedure 


For Blood—To 1 part of blood add 7 parts of distilled water. 
Allow a few minutes for hemolysis, then add 1 part of 10 per cent 
ZnSO,-7H,0 and 1 part of 0.56 n NaOH. Filter. Place 2 ce. of 
the filtrate in a test-tube. Place in each of three similar test- 
tubes 2 cc. of standard fructose solution, the standards used con- 
taining 0.1, 0.05, and 0.025 mg. of fructose per ce. To each of the 
tubes add 2 cc. of 0.1 per cent alcoholic resorcinol solution and 6 
ec. of 30 percent HCl. Mix by shaking the tubes vigorously and 
place in a water bath adjusted to maintain a temperature of 
80°. Keep in the water bath for 8 minutes. Remove the tubes 
to a beaker and cool with running water. Compare in a color- 
imeter in the usual manner, the standard which most closely 
matches the unknown being used. 

The three standards selected permit the accurate determination 
of fructose in quantities ranging from 25 to 100 mg. per 100cc. 
of blood. They will permit the determination of 10 to 200 mg. 
per 100 cc., with slight errors due to deviations from Beer’s law. 
If quantities around 10 mg. per 100 cc. are encountered, somewhat 
greater accuracy may be obtained by making a blood filtrate 
diluted 1:5. If the blood contains 200 mg., or more, of fructose 
per 100 cc., it is best to dilute the 1:10 filtrate appropriately and 
repeat the determination with a smaller equivalent quantity of 
blood. 

Calculation—(S/U) X S; X (100/0.2) = mg. of fructose per 100 
ec. of blood. (S = reading of standard; U = reading of unknown; 
S: = mg. of fructose in standard tube selected for comparison.) 

For Urine—Place 2 cc. of urine in a small Erlenmeyer flask 
and add 18 ce. of 1 per cent acetic acid. Add approximately 0.2 
gm. of acid-washed, activated charcoal. Shake vigorously, then 
allow to stand for 5 minutes with occasional shaking. Filter 
through a good grade of retentive filter paper. Place 2 ce. of the 
filtrate in a test-tube and prepare three standard tubes, the stand- 
ards used containing 0.1, 0.05, and 0.025 mg. of fructose per cc. 
The standard solutions should be made by diluting the stock 
fructose solution with 1 per cent acetic acid in order to have the 
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same concentration of acetic acid in the standards as in the un- 
known. (The fructose standards used for blood may be used for 
urine, but failure to adjust the acetic acid concentration of the 
standards results in an error of 3 per cent.) Add to each of the 
tubes 2 cc. of 0.1 per cent alcoholic resorcinol and 6 cc. of 30 per 
cent HCl. Place the tubes in a water bath at 80° for 8 minutes. 
Remove the tubes and cool promptly in running water. Com- 
pare in a colorimeter, the standard which most closely matches the 
unknown being used. If the urine has a high fructose content, 
dilute the filtrate with 1 per cent acetic acid to a value that will 
permit comparison with the 0.1 mg. per cc. standard and repeat the 
above procedure. The formula for calculation is the same as given 
above for blood. 

If protein is present in the urine, it may be removed by treating 
with the Somogyi reagents in the same manner as outlined above 
for blood. To each 10 cc. of deproteinized urine filtrate add 0.1 
ec. of glacial acetic acid and 0.1 gm. of the adsorbent charcoal 
and proceed the same as with normal urine. 


DISCUSSION 


It is necessary to measure all reagents exactly. The depth of 
color obtained is dependent upon the amount of alcohol and HCl 
present. It is therefore very important that the same amounts of 
alcohol and HCl be added to the standards and the unknown. 
Excesses of resorcinol above the amount used do not make any 
difference. The tubes should be placed in the water bath exactly 
simultaneously and the same precaution should be followed in 
removing them from the bath to cold water. The color produced 
is dependent upon the velocity of a reaction at an elevated tem- 
perature; hence identical heating and cooling conditions must be 
imposed upon each tube. After cooling to room temperature the 
color obtained does not change in character for 24 hours or more. 

The cherry-red color obtained in this procedure is of excellent 
quality for colorimetric work. It has a high degree of propor- 
tionality to the amount of fructose present. Good agreement with 
Beer’s law was observed in studies upon this relationship. It is 
best, however, to use a group of standards in practical work, and 
to compare the unknown with the standard that most closely 
matches it. When the standard is set at 20 mm. in the colori- 
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meter, readings of unknown solutions between 15 and 25 mm. are 
acceptable. 

In determining fructose in urine, it is important to realize that 
fructose is adsorbed by the clarifying charcoal if the reaction is 
alkaline to pH 3.1. The relation of pH to the adsorption of 
fructose by acid-washed, activated norit was studied as follows: 
norit was added to aqueous fructose solutions of varying hydrogen 
ion concentrations, the mixtures were shaken intermittently for 
15 minutes and filtered, the pH of the filtrate was determined by 
the quinhydrone electrode, and the fructose was estimated by 
the colorimetric method. Adsorption of fructose occurred only 
in the mixtures with a pH on the alkaline side of 3.1. As a result 
of experiments of this kind it was decided to use a 1 per cent, acetic 


TaBLe I 
Recoveries of Fructose Added to Urine When Determined by Author’s Method 








Fructose added Fructose recovered Per cent error 
gm. per 100 cc. gm. per 100 cc. 
0.025 0.026 +4.0 
0.100 0.105 +5.0 
1.0 0.972 —2.8 
2.0 2.007 +0.35 
5.0 4.967 —0.66 
8.0 7.936 —0.80 
10.0 10.085 +0.85 











acid solution (approximate pH, 2.9) for diluting the urine prelim- 
inary to treating with norit. 

To determine whether concentration of fructose might influence 
the adsorption of the latter by norit, an experiment was performed 
in which fructose was added to urine to produce concentrations 
varying from 0.025 per cent to 10 per cent. The urines were then 
diluted with 9 parts of 1 per cent acetic acid, treated with norit, 
and filtered. The filtrates were diluted as necessary and their 
fructose content was determined. The results are shown in 
Table I. The data of this experiment do not show any adsorption 
of fructose, and they are also of interest in that they are repre- 
sentative of the recoveries that may be obtained by this method 
when fructose is added to normal urine secreted during fasting. 
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If normal human urine secreted under fasting conditions is 
examined by this method, an entirely negative blank test is ob- 
tained. The urine secreted after a meal which includes certain 
fruits and sucrose contains enough fructose to give a positive quali- 
tative test; and in some instances there is enough fructose in a 
postprandial sample of urine from a normal subject to permit 
quantitative determination by this method. The evidence for 
assuming that fructose is present in the urine of normal subjects 
is that positive tests are obtained upon postprandial samples of 
urine with our modified Seliwanoff technique and that these tests 
become negative after fermentation of the urine with yeast. 
Evidence has been obtained by Tashiro and Tietz (8) and Harding 
and Selby (9) which indicated that a part of the sugar of normal 


TaBLe II 


Data Showing Additive Error When Fructose Is Determined in Presence of 
Large Amounts of Glucose or Galactose by Author’s Method 


The results are expressed in mg. per cent of solution 























Fructose Glucose Fructose Per cent Galactose Fructose Per cent 

present added obtained error added obtained error 
100 300 101 +1.0 500 101.4 +1.4 
100 500 102.2 +2.2 1000 104.0 +4.0 
100 1000 106.4 +6.4 2000 111.2 +11.2 
100 2000 113-3 +13.3 3000 116.0 +16.0 
100 5000 141.3 +41.3 5000 127.6 +27.6 








human urine may be fructose. With this method it has been 
possible to confirm the supposition of these authors. 

Data are given in Table II which show the amount of additive 
error when fructose is determined by this method in the presence 
of glucose or galactose. From these data a correction curve may 
be constructed for use with this procedure when glucose in amounts 
greater than 300 mg. per 100 cc., or galactose in quantities greater 
than 500 mg. per 100 cc., is present. 

Furfural gives a green color when submitted to the conditions 
of this procedure. The interference due to pentoses is thus more 
serious than that due to hexoses, and correction data cannot be 
used when pentoses are present in concentrations sufficient to 
produce a perceptible green color. Xylose was found to give a 
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negative blank test when present in amounts up to 1000 mg. per 
100 cc. and a green color in concentrations above the latter amount. 
Accurate results may not be expected, therefore, when fructose 
is determined in the presence of more than 1000 mg. of xylose per 
100 cc. of solution; and the method should not be applied to the 
determination of fructose in the presence of other pentoses when 
the latter are present in concentrations that will give a green color 
in a blank test. 
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Some years ago (1, 2) attention was called to the fact that in 
certain cases with the nephrotic syndrome the concentration of 
chloride in the serum was abnormally high and the estimated sum 
of acid-combining equivalents exceeded the observed concentra- 
tion of total base. At the time this discrepancy was attributed 
to errors either in analytical methods or in the evaluation of the 
base-combining powers of some of the acids, presumably protein. 
With further refinements of analytical methods, however, the 
discrepancies, instead of diminishing, increased in frequency. 
Finally, with the development by Hald (3) of procedures for the 
measurement of bases which exceeded in accuracy any that had 
been available before, it became evident that the complement of 
base in serum had been generally overestimated and that even 
in normal serum the sum of the acids, chloride, bicarbonate, phos- 
phate, and protein, usually almost equaled, and sometimes defi- 
nitely exceeded, the sum of the bases, sodium, potassium, calcium, 
and magnesium. Meanwhile, a similar situation had been re- 
vealed in analytical data presented by Sunderman (4) and by 
Atchley and Benedict (5)... Furthermore, in our own analyses, 
both published and unpublished, the discrepancies still bore a 
general relation to the concentrations of chloride in the sera. 

The largest discrepancies were usually encountered in patients 
with the nephrotic syndrome. In addition certain individuals 
were observed who, at the height of severe diabetic acidosis, when 
bicarbonate was greatly reduced and ketonuria intense, appeared 
to have in the serum only minimal quantities of organic acids, 


* Mary Pemberton Nourse Memorial Fellow of the American Asso- 
ciation of University Women, 1933-34. 
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estimated by determination of the acid-base balance. Especially 
striking instances of this kind are found in Cases 71956-II, 82331, 
and 22350-III of the paper by Peters, Kydd, Eisenman, and Hald 
(6). The coincidence of these discrepancies with conditions of 
lipemia and the report by Hanke and Donovan (7) that organic 
chloride compounds could be recovered from certain tissues led to 
an attempt to determine whether such compounds existed in hu- 
man serum. 


EXPERIMENTAL 


Certain experiments proved conclusively that it is impossible 
to dissolve any demonstrable quantity of chloride in petroleum 
ether. If this solvent, after having been shaken with 0.1 N 
hydrochloric acid, sodium chloride, or potassium chloride in solid 
form or aqueous solution, is removed by centrifugation, decanted, 
and evaporated to dryness, no residue is found and no precipitate 
is formed when acid silver nitrate solution is introduced into the 
vessel from which it was evaporated. Petroleum ether was 
therefore chosen as a suitable solvent for the extraction of lipoid- 
chlorine compounds. When, however, serum from a patient with 
the nephrotic syndrome, hyperchloremia, and a large acid surplus 
in the serum, was shaken with petroleum ether, no traces of chlo- 
rine could be recovered from the petroleum ether. 

It seemed possible that failure to extract chloride was referable 
to the immiscibility of petroleum ether with aqueous solutions. 
Therefore a different procedure was employed. The lipoids were 
first extracted from serum with hot alcohol and ether, and the 
extract collected in a large centrifuge tube. After the alcohol and 
ether had been driven off, the lipoid residue was again extracted 
with several portions of petroleum ether, which were removed by 
centrifugation and decantation. From the collected extracts the 
petroleum ether was removed by distillation. The dry residue of 
lipoid material was then suspended in a small amount of water and 
analyzed for chloride by the method usually employed in this 
laboratory for the analysis of serum. A short series of analyses 
demonstrated that small quantities of chlorine could be extracted 
by this method even from sera of normal subjects; much larger 
quantities were found in those sera with high chlorides and acid 
excesses which have been described above. 
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Although the method was by no means quantitative, the results 
were sufficiently suggestive to warrant further pursuit of the 
subject. To exclude the possibility that the chloride might 
only be carried into the petroleum ether with the lipoids, bacon 
and salt butter were subjected to the same procedure. Some 
difficulty was encountered in digesting the large masses of fat 
obtained by the double extraction; but when this was finally 
achieved no chloride could be detected in the digests. As a 


TaBLe I 
Chlorine and Lipids of Normal Human Serum 





Chlorine Lipids 





Subject 


Total | Lipoid | ,Sumof Lipoid P 





m.-eq. m.-eq. m.-eq. 

103.2 102.6 
100.3 100.4 
107.3 104.6 
106.0 105.2 
106.7 105.4 
105.6 102.2 
103.9 102.2 
106.4 106.1 

Whole blood (85.1) (84.8) 
JP 2 103.2 2 102.7 
Whole blood (83.6) ' (82.8) 
EM @ 105.6 : 102.8 

103.2 y 103.1 

Whole blood (85.9) , (83.6) 
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* Values for non-phospholipid fatty acids only are given. 
t No duplicate. . 


further test another sample of the same butter was extracted 
directly with petroleum ether, which still failed to dissolve any 
of the chloride. 

The mixture of alcohol and ether which is used for the initial 
extraction, of course, dissolves chloride quite freely and this 
chloride can be redissolved in water. An attempt was therefore 
made to wash chloride out of the alcohol-ether extract. When 
this was suspended in water, however, a large proportion of the 
lipoid material went into an emulsion or colloidal solution which 
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TaBLe II 
Chlorine and Lipids of Serum from Patients 
Chlorine Lipids 
- - Date : : a, E Remarks 
a/2lesl2/Ela 
el/sizg |#/3/6 
mg. m | 
A-1231 | 1-23-34/100.9| 9.9)100.5)12.3)11.3) 258) Diabetes, hypertension, 
2- 1-34/101.8) 4.7) 98.0) 6.8) 6.2) 122} nephrotic syndrome 
3— 5-34/ 89.2/10.3) 92.5)18.6)15.6) 414 
3-26-34/101.1/10.6) 97.4)18.7/17.1) 520 
A-36006 |12- 7-33)111.4/ 3.7/111.8)13.6)11.5| 327; Glomerular nephritis, hy- 
12-21-33)119.4| 6.8/116.4| 8.9|10.7| 281) pertension, nephrotic 
5-16-34)103.2} 2.1/102.4) 7.0) 5.2| 83) syndrome 
5-31-34| 89.0) 5.2) 91.6/11.0) 9.5) 198 
A-15846 | 1-30-34/106.7| 7.2)103.6)13.5/11.4| 314 Nephrotic syndrome 
2-15-34/103.9) 7.1/102.1/12.1)12.1) 305 
A-24953 |12- 5-33) 93.2) 5.2) 95.1) 9.4) 9.0) 162) Glomerular __ nephritis, 
hypertension, rheu- 
matic heart disease 
A-32349 | 3-25-33/108.5} 4.9|109.8) 7.1) 7.5) 157) Acute glomerular neph- 
ritis 
95123 |10-10-33| 95.6) 4.5) 97.2 Chronic glomerular ne- 
10-18-33) 97.1) 9.2) 95.4/15.9|10.1) 214) _ phritis 
A-25434 | 2-15-34/115.5| 7.5/110.8/39.9|21.9) 688) Nephrotic syndrome 
A-31531 | 3- 2-34/112.3/10.3)109.4/12.0)11.6| 297) Subacute glomerular 
3-12-34/107.2) 7.8)/109.1/11.1/13.6 nephritis, nephrotic 
6-18-34/105.1) 6.3)106.4/12.4/10.4) 245) syndrome 
A-33136 | 3-17-34/105.0) 7.6/104.8)15.7|14.3) 230} Toxemia of pregnancy 
4- 9-34/105.3) 8.0)101.3)12.5)11.9) 285 
A-9255 | 3-23-34| 95.9) 6.8) 94.0/13.6)19.5| 366) Diabetes; acromegaly 
A-3395 | 3-15-34; 90.9) 1.8) 91.1) 1.6) 4.2) 47 = staphylococ- 
cus septicemia 
A-25652 | 4-27-34| 99.3) 7.3) 99.6/24.9|19.9| 490) Diabetes; acidosis 
52889 4- 9-34/ 90.6) 3.1) 91.8) 9.4/10.7| 189) Cirrhosis of liver 
A-19767 |12-18-33| 97.5) 4.7) 98.0/10.5| 9.4) 196} Syphilis; enlarged liver 
Whole | 74.7) 5.2) 74.4 
blood 
A-25631 |10-26-33/102.2) 5.5)101.3 Hypertension; bronchial 
asthma 





* Values for non-phospholipid fatty acids only are given. 
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could not be cleared by filtration or centrifugation. When it 
was shaken with chloride-free kaolin, a water-clear filtrate was 
obtained. However, no chloride could be extracted with petro- 
leum ether from either the kaolin or the filtrate. Efforts to 
remove inorganic chloride by washing were therefore unsuccessful, 
but the reaction with kaolin suggested that the chlorine was only 
loosely combined with the lipoids, possibly by adsorption. 

The frequency with which chlorine could be extracted from 
serum with petroleum ether was then investigated. In all, thirty- 
seven analyses have been made of the sera of ten normal subjects 
and seventeen patients. In every instance the chlorine in the 
original serum and in the fractions separated by the preliminary 
extraction with alcohol and ether have been simultaneously 
determined. Frequently the determination of total chlorine was 
conducted by a different observer. The results of these analyses 
are presented in Tables I and II. The following analytical 
procedure was employed. 


Analytical Procedure 


To 15 or 20 ce. of alcohol-ether mixture (3 parts of redistilled 
ethyl alcohol and 1 part of redistilled ethyl ether) in a 50 ce. 
centrifuge tube containing two or three glass beads is slowly 
added 0.5 or 1.0 cc. of whole blood or serum, the receptacle mean- 
while being shaken continually to insure the formation of a finely 
flocculent precipitate. (In all but two instances the precipitation 
was carried out within 7 hours of the time when the blood was 
withdrawn.) The mixture is heated in a water bath at about 68° 
under a reflux condenser for 45 minutes. It is then centrifuged 
for about 3 minutes, after. which the supernatant alcohol-ether 
extract is siphoned into a second centrifuge tube. The protein 
residue is reextracted with an additional 10 cc. of alcohol-ether, 
which is allowed to boil about 5 minutes under the reflux condenser 
and then removed by centrifugation and siphonage. Two addi- 
tional extractions are made in the same manner. 

After all traces of alcohol and ether have been driven off by 
heating in a water bath at about 85° for half an hour, the protein 
residue in the original tube is analyzed for chloride. 

The combined alcohol-ether extracts in the second tube are 
evaporated to a volume of 2 or 3 cc. by immersion in a water bath 
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which is warmed from 50° to about 82°. During the process of 
evaporation nitrogen is slowly bubbled through the solution. The 
remainder of the solvent is then driven off in an atmosphere of 
nitrogen under diminished pressure at a temperature of about 
60°. As soon as evaporation is completed, petroleum ether is 
added to the residue. After the sides of the tube have been 
thoroughly washed down with petroleum ether, about 1 cc. of 
distilled water is added. The mixture is then centrifuged at high 
speed for from 12 to 15 minutes. Great care must be exercised 
in removing the tubes from the centrifuge, as minute particles 
of the insoluble white residue rise into the petroleum ether after 
the slightest agitation. The top of the layer of petroleum ether 
is siphoned into a third 50 cc. centrifuge tube. More petroleum 
ether is added to the contents of the second tube and again re- 
moved after centrifugation. This process is repeated until alto- 
gether three or four extractions have been made. 

The residual petroleum ether is driven from the aqueous solu- 
tion of the aleohol-ether extract by heating in a water bath at 
about 65°. This solution, which contains matter soluble in alco- 
hol-ether, but not in petroleum ether, is then analyzed for chloride. 

The third tube, containing about 20 cc. of petroleum ether 
extract, connected with a condenser to permit recovery of the 
solvent, is placed in a water bath, the temperature of which is 
allowed to rise gradually from about 40-65°. Just before the 
last of the petroleum ether has evaporated, 1 to 2 cc. of distilled 
water are introduced into the tube. The aqueous suspension is 
then analyzed for chloride. 

Chlorine in the three fractions and in the original serum was 
determined by Hald’s modification of Patterson’s microprocedure 
(8), with certain minor alterations of technique. A 0.02 N silver 
nitrate solution made up in equal parts of water and concentrated 
nitric acid was used. There is enough nitric acid in such a solu- 
tion to preserve it. The reagent can be added from a burette in 
quantities so adapted to the material under analysis that there is 
never more than a slight excess of silver nitrate. Additional nitric 
acid may then be added in suitable quantities to facilitate diges- 
tion. The fraction which is soluble in alcohol-ether, but insoluble 
in petroleum ether, since it contains the largest amounts of chlo- 
rine, but no proteins or lipoids, requires the greatest quantity of 
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silver nitrate, but the least nitric acid. When the silver nitrate 
in concentrated nitric acid, recommended by Hald, was used in 
the analysis of this material, the excess nitric acid reacted so 
speedily with the alcoholic thiocyanate solution that even after 
chilling it was often impossible to titrate to the proper end-point. 
Conversely, the fractions containing lipoids and proteins require 
little silver nitrate but much nitric acid. 

The digestion of the fractions containing proteins and lipoids 
frequently requires amounts of permanganate large enough to 
interfere with the final titration. When a solution of silver 
nitrate and glucose is digested with 40 to 60 drops of permanga- 
nate, the amount of thiocyanate needed to carry the titration to 
the end-point is slightly greater than the amount equivalent to 
the silver nitrate present. The usual calculation must, therefore, 
be corrected for the quantity of permanganate used. 

The use of nitrogen during the evaporation of the alcohol-ether 
mixture serves to decrease the dangers of liberation of any bound 
chlorine by oxidation and to insure even ebullition. When evap- 
oration was completed without reduction of pressure, in several 
instances lipoid-chlorine appeared to diminish. The whole evap- 
oration is not conducted under reduced pressure because this 
causes the alcohol and ether to vaporize too violently. 

To claim that the procedure is quantitatively accurate, when 
nothing is known of the nature of the presumptive lipoid-chlorine 
compounds, is obviously impossible. It does, however, yield 
reproducible results. In the forty-nine determinations of lipoid- 
chlorine, the differences between duplicates range between 0 and 
3.4 milli-equivalents, with the average difference between dupli- 
cates 1.0 milli-equivalent. The differences between the total 
chlorine and the sum of tlie fractions ranges between 0 and 5.1 
milli-equivalents, with the average difference 1.89 milli-equivalents. 
Agreement between total chlorine and the sum of the chlorine 
fractions, although far from perfect in some instances, is generally 
satisfactory, considering the possibilities for multiplication of 
errors in the analyses of fractions. The fraction adhering to the 
proteins is very small, usually less than 2 and always less than 
5 milli-equivalents. 

In the sera of the ten normal subjects 3 to 7 milli-equivalents 
of chlorine were recovered in the petroleum ether extract. A 
greater degree of variation was found among the patients. 
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Since it has been demonstrated that transudates contain only 
small quantities of lipids, presumably because these substances 
are restrained by vascular and endothelial membranes, sera and 
transudates, simultaneously collected, were analyzed for lipid. 
The results are presented in Table III. In no case could an 
appreciable amount of chlorine be extracted from a transudate, 




















TaBLe III 
Chlorine and Lipids of Serum, Transudates, and Ultrafiltrates of Serum 
Chlorine Lipids 
Subject No. Date 2 | i Remarks 
at io Le 
2/2/es/2/2/4 
e/aila j/e/als 
P: _ | mg. | mg. 
m.-eq. ng m.-eq. on fia = 
A-24953 | Dec. 5, 1933 | 93.2) 5.2) 95.1) 9.4) 9.0) 162} Serum 
100.7; 0.6} 98.4) 1.0) 2.0} 26) Pleural fluid 
A-32349 | Nov. 25, 1933 |108.5) 4.9/109.8) 7.1) 7.5) 157) Serum 
118.8) 0.2/117.0) 0.8) 0.7) 15) Pleural fluid 
52889 Apr. 9, 1934 | 90.6) 3.1) 91.8) 9.4)10.7| 189) Serum 
99.6; O | 98.6) 1.4) 1.5) 29) Ascitic fluid 
A-3395 Mar. 15, 1934 | 90.9) 1.8) 91.1) 1.6] 4.2) 47| Serum 
97.1) 0.2) 96.5) 0.6) 1.3} 18} Pleural fluid 
A-1231 Jan. 23, 1934 |100.9| 9.9)100.5)12.3)11.3) 258) Serum 
106.3) O /105.1) 0.5) 0.9 Pleural fluid 
Feb. 1, 1934 {101.8} 4.7| 98.0) 6.8) 6.2) 122) Serum 
107.7) 0.2/106.1) 1.1) 1.4) 36) Pleural fluid 
Mar. 26, 1934 |101.1|10.6) 97.4/18.7/17.1) 520) Serum 
100.3} 0 |100.2 Ultrafiltrate 
EM Apr. 30, 1934 |105.6| 4.2)102.8) 5.8) 9.6) 198} Serum 
113.5) O |114.6 Ultrafiltrate 





























even when the corresponding serum contained considerable quanti- 
ties. The same was true of two artificial ultrafiltrates of serum. 
Neither of the artificial ultrafiltrates gave any reaction for protein 
when tested by heat and acetic acid. 

It seemed possible that red blood cells might contain larger 
amounts of lipoid-chlorine than serum. For this reason both whole 
blood and serum were examined on four occasions (Tables I and 
II). In no case did the concentrations in whole blood and serum 
differ significantly. 
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DISCUSSION 


Proof of the existence in serum of combinations of chlorine with 
lipoids must ultimately depend upon the isolation and identifica- 
tion of such compounds. Nevertheless, the cumulative evidence 
thus far adduced gives us good reason to believe that a small frac- 
tion of the chlorine in normal serum is intimately connected with 
the materials which are soluble in lipoid solvents and is restrained 
by them from traversing living and artificial membranes. The 
nature of the restraint is entirely obscure, although the experi- 
ments with kaolin suggest that the lipoid-chlorine combination is a 
loose one. The correlation between the quantity of chlorine 
which can be extracted by petroleum ether and the concentration 
of total lipid or any individual lipid fraction is far from exact. 
There is, however, a noticeable tendency for high lipoid-chlorine 
to occur with greater frequency in patients with high serum lipids. 
The correlation with phospholipid and with cholesterol is of the 
same rough character. There is nothing to suggest that the chlo- 
rine is more intimately associated with one fraction than another. 
The tendency to rough correlation with all lipid fractions is prob- 
ably merely an expression of the fact that in the conditions with 
which the patients who have been investigated are affected all 
the lipid constituents of the blood are usually changed in the same 
direction. It is quite possible that more extensive investigation 
of subjects with greater variations of serum lipids will reveal 
closer correlations. It may be worth noting that the lowest 
lipoid-chlorine is found in Subject A-3395 (Table II) with the 
lowest lipids. 

The correlation with the concentration of total chlorine in the 
serum is quite as rough. It would be somewhat improved if the 
earlier observations, made before the analytical procedure was 
standardized, were included. High lipoid-chlorine appears to be 
more closely connected with the nephrotic syndrome and hyper- 
lipemia than with hyperchloremia. This is illustrated by Sub- 
jects 95123 and A-1231, Table II. The former had long suffered 
from a chronic glomerular nephritis of the nephrotic type and 
had, on earlier occasions, exhibited distinct hyperchloremia. At 
the time of the examinations here reported, however, she was in 
the terminal stages of the disease, with nitrogen retention, 
hypertension, and heart failure. Furthermore, she had been 
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vomiting. Subject A-1231 presented the profuse albuminuria 
and hypoproteinemia of nephrosis, but had in addition diabetes, 
arteriosclerosis with hypertension, and an abdominal condition 
of uncertain nature, characterized by pain, nausea, and vomiting. 

Failure to recover appreciable quantities of lipoid-chlorine from 
artificial and natural ultrafiltrates might be interpreted to mean 
merely that petroleum ether can extract chloride from materials 
only when these contain considerable quantities of materials that 
are soluble in fat solvents. The negative experiments with bacon 
and salt butter, however, seem to preclude the possibility that 
chloride is rendered soluble in petroleum ether by the presence of 
fat or lipoid material. It seems simpler to attribute the absence in 
ultrafiltrates of lipoid-chlorine to their inability to traverse mem- 
branes. This is illustrated in a different manner in the case of 
Subject A-1231 (Table II). Between January 23 and February 1 
this patient received intravenous injections of gum acacia which 
caused a dilution of the colloidal constituents of the serum. 
Under these circumstances the concentration of lipoid-chlorine 
fell to about the same extent as did the concentrations of the 
proteins and the lipids. 

The bearing of the existence of lipoid-chlorine in serum upon 
electrolyte equilibria must be quite obvious. If a certain pro- 
portion of the chlorine of serum is rendered non-diffusible by 
combination with lipoid, it is quite conceivable that it is also in- 
capable of forming salts with base. This chlorine should, then, 
be subtracted from the total chlorine of serum in estimations of 
acid-base or osmotic equilibria. It may be significant that from 
the serum of Subject A-1231 (Table III), which contained the 
largest amount of lipoid-chlorine, an ultrafiltrate was secured which 
contained no more chlorine than the serum. Ordinarily, because 
they contain more water and less protein, ultrafiltrates have a 
higher concentration of chloride than the sera from which they 
are derived. 

Although exact recovery may not be effected by the analytical 
methods thus far employed, the quantities of chlorine extractable 
with petroleum ether are of the same order of magnitude as the 
discrepancies between the sums of acids and bases in serum, to 
which reference has already been made. This can be demon- 
strated by comparing the values for lipoid-chlorine in Table I 
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with the discrepancies reported by Hald (3). It is more clearly 
shown in the cases in Table IV in which acids and bases and lipoid- 
chlorine have been determined simultaneously. Correction of 
the acid complement by subtraction of lipoid-chlorine permits an 
acid-base balance to be cast up without improbable assumptions 
of organic base. 

Finally, the occurrence of unusually large amounts of lipoid- 
chlorine in the serum may afford an explanation for the hyper- 
chloremia that is so often observed in patients with the nephrotic 
syndrome at times when they exhibit no signs of impairment of the 
ability to excrete inorganic chloride. 

















TaBLe IV 
Base, Acid, and Lipoid-Chlorine of Serum 
Subject Total base Dotempined Difference Lipoid-chlorine 
m.~eq. ied aan 7 re m.~eq. 
PH 143.5 150.0 —6.5 4.1 
JP 146.0 151.6 —5.6 5.3 
RC 142.0 147.9 —5.7 5.4 
A-36006 145.3 142.3 —3.2 3.7 
151.2 | 147.3 —2.9 6.8 














* “Determined acids’’ represents the sum of the base-combining equiv- 
alents of protein, bicarbonate, chloride, and inorganic phosphate. 


Further attempts are being made to prove the existence and the 
identity of the lipoid-chlorine of serum, to provide an accurate 
method for its measurement, and to study its relation to electrolyte 
and membrane equilibria. 


SUMMARY 


It has been demonstrated that a small amount of chlorine can 
be extracted with the lipoids by petroleum ether from normal 
human serum, larger amounts from the sera of patients with the 
nephrotic syndrome who have hyperchloremia and hyperlipemia. 
No chlorine could be extracted by the same procedure from bacon, 
from salt butter, and from artificial ultrafiltrates of serum, and 
only minimal quantities from serous transudates. 
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Ever since the discovery of the element iodine by Courtois (1) 
in 1812 and the first clinical uses of this substance in the treatment 
of goiter by Prout (2) in 1816 and by Coindet (3) in 1820, almost 
continuous researches on the relationship of iodine to thyroid 
function have been in progress. The greatest obstacle in the way 
of these investigations has been the lack of a reliable method for 
the estimation of minute quantities of iodine. For instance, it 
was largely because of his unreliable chemical methods that 
Chatin (4), in 1853, was unable to convince his contemporaries 
that endemic goiter was caused by iodine deficiency. 

It was not until 1914 that a reliable method for the determina- 
tion of iodine was introduced by Kendall (5). This method was 
satisfactory for materials such as the thyroid gland, containing 
large quantities of iodine, but could not be applied to the study 
of iodine in other tissues and in blood, unless enormous quantities 
were used. 10 years later, a method for the determination of 
iodine in organic material was devised by von Fellenberg (6) and 
later McClendon and coworkers (7) described another. These have 
led to definite advances in the knowledge of iodine metabolism, 
yet there are definite objections to both methods. MceClendon’s 
method is accurate, but is too cumbersome for ordinary use; von 
Fellenberg’s suffers from the same handicap, and in addition, the 
results are likely to be unreliable because of loss of iodine heated 
in open crucibles. 

These methods and several modifications of the latter (8-12) 
have been tried in this laboratory, and all have been discarded as 
35 
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impracticable for routine clinical work. Numerous other methods 
(13-17) were investigated. 

In attempting to devise a new method for the determination of 
iodine, the following criteria were laid down: The method must be 
rapid, the results accurate, the technique familiar, and the apparatus 
simple. An additional aim was a method by means of which one 
technician could inake several determinations simultaneously. 

The principles involved are relatively simple. Iodine is non- 
volatile, within a limited temperature range, in alkaline solution 
but can be distilled quantitatively from an aqueous acid solution. 
Hence it is possible to isolate iodine for estimation by alkaline 
digestion followed by acid distillation. 

The method as applied to blood is as follows: 

Fusion with Potassium Hydroxide—10 ce. of blood are placed in 
a 300 cc. nickel crucible along with 12 cc. of a saturated solution of 
potassium hydroxide, and heated gently over a Bunsen flame. At 
first there is excessive foaming and either the burner must be 
manipulated under the crucible or the crucible must be manipu- 
lated over the flame. In any case, it is probably wise for the 
chemist to wear spectacles during this procedure, because careless 
manipulation may result in spattering, although this contingency 
is never encountered by experienced, careful workers. When the 
foaming abates somewhat, the organic material is washed from 
the sides of the crucible with a small quantity of water. The 
boiling is continued for a few minutes, and the walls of the crucible 
are washed two or three times with small quantities of water. 
Then the mixture is boiled until foaming ceases. This procedure 
requires about 15 minutes. 

The crucible is placed in a muffle furnace at 250° for 30 minutes. 
During this process, volatile and inflammable gases are driven off. 
With experience, one can recognize from the appearance of the 
fused material when this change is complete, so that frequently 
the crucible need remain at 250° not more than 15 or 20 minutes. 
If the temperature is increased too soon, the material may burst in- 
to flame. The temperature is increased to 360° and is kept there 
for 10 minutes. Then the crucible is removed from the oven. 

Extraction with Ethyl Alcohol—Sufficient water is added to the 
crucible to dissolve all the easily soluble material, the lumps being 
broken down with a stirring rod. Any excess of water is boiled 
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off gently, until a fluid paste is formed on cooling and stirring with 
the stirring rod. 25 cc. of 95 per cent ethyl alcohol are added. 












Fig. 1. Diagram of distillation apparatus for the determination of iodine 
in blood. 


On stirring, the paste forms a fluid sludge which separates from 
the alcohol in the bottom of the crucible. Any material adhering 
to the sides of the crucible can be scraped down into the fluid 
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sludge with the stirring rod. After some minutes of stirring, the 
alcohol is decanted off into a 300 cc. nickel crucible containing 
1 cc. of a saturated solution of potassium hydroxide. The sludge 
is then leached four more times with 10 cc. portions of alcohol. 
If, during this procedure the fluid sludge forms a thick paste, it 
is moistened with a few drops of water. After extraction, the 
sludge contains none of the iodine. The alcohol is evaporated on 
a steam bath and the contents of the crucible are dried gently 
over a free flame. 

Ashing—The crucible is placed in a muffle furnace at 385° for 
10 minutes. A stream of oxygen (2 liters per minute) is passed 
through the oven during the process of ashing. 

Purification by Distillation—The residue in the crucible is dis- 
solved in water and filtered into a 500 ec. Claissen flask. The 
distillation apparatus is arranged as indicated in Fig. 1. The end 
of the tube leading from the condenser dips under the surface of 
a mixture consisting of 25 cc. of water, 0.5 cc. of a 3 per cent solu- 
tion of sulfuric acid, and 0.5 cc. of a 10 per cent solution of sodium 
bisulfite contained in the 250 ec. Fresenius absorption flask. 10 
ec. of a 50 per cent solution of sulfuric acid, 2 cc. of a 10 per cent 
solution of ferric sulfate, and 2 cc. of a 30 per cent solution of 
hydrogen peroxide are added through the dropping funnel. More 
acid is added if necessary to make the solution strongly acid. 
The presence or absence of ferric hydroxide acts as an indicator. 
The total volume of the solution at this time should be about 
250 cc. This is distilled for } hour with frequent additions of a 
30 per cent solution of hydrogen peroxide. At the end of this 
step, the volume of the solution in the Claissen flask should have 
been reduced to about 50 cc. Unless the distillation is carried on 
briskly, not all the iodine will be carried over in half an hour. 
The distillate is transferred to a 600 cc. beaker. 

Determination of Iodine—Carbon dioxide and sulfur dioxide are 
expelled from the distillate by boiling for 3 minutes. Immediately 
a 10 per cent solution of potassium hydroxide is added until the 
solution is alkaline to litmus paper. Not more than 1 ce. of the 
potassium hydroxide should be required. The alkaline solution 
is then boiled and evaporated to a volume of about 10 cc. and 
transferred to a 50 cc. Erlenmeyer flask by washing the beaker 
three times with small quantities of iodine-free water. 1 drop of 











oO sar OQ 


a a a oe. 














D. R. MeCullagh 39 


methyl orange is added and the solution is neutralized with a 3 per 
cent solution of sulfuric acid. 2 drops of sulfuric acid in excess of 
the amount required for neutralization and then 1 drop of bromine 
are added. Upon shaking, the solution should turn yellow imme- 
diately. Then it is evaporated to about 2 ce. and cooled on ice. 
1 drop of a 1 per cent solution of starch and a minute crystal of 
potassium iodide are added and titration is carried out with a 
0.001 Nn solution of sodium thiosulfate. A microburette or a 
pipette may be used for the titration. We use a 0.2 cc. pipette 
graduated in thousandths. With practice in a good light the 
error in titration is not more than +0.002 cc. 

Calculation—1 cc. of 0.001 Nn thiosulfate solution equals 21.2 
micrograms of iodine. 


Reagents and Their Purification 


1. Distilled water. Distilled water is made distinctly alkaline 
with potassium hydroxide and is redistilled from a glass still. 

2. Potassium hydroxide. A saturated solution of potassium 
hydroxide is used, which can be purified by washing in a separatory 
funnel with iodine-free alcohol. It is essential that the solution of 
potassium hydroxide be saturated during this procedure. 

3. Iodine-free alcohol. Iodine-free alcohol is prepared by dis- 
tilling an alkaline solution. 

4. Sulfuric acid, 50 per cent. Iodine may be removed from 
sulfuric acid by heating the concentrated solution to 150-200° for 
5 hours. This then is diluted to 50 per cent solution with iodine- 
free water. 

5. Ferric sulfate. A 10 per cent solution of ferric sulfate in 1 
per cent sulfuric acid is purified by boiling. 

6. Hydrogen peroxide, 30 per cent. Hydrogen peroxide is puri- 
fied by boiling for a few minutes under reduced pressure. We 
have never found iodine in peroxide. 

7. Potassium hydroxide, 10 per cent solution. 

8. Methyl orange, 1 per cent solution. 

9. Sulfuric acid, 3 per cent solution. 

10. Sodium bisulfite, 10 per cent solution. The bisulfite solu- 
tion usually does not contain a sufficient amount of iodine to inter- 
fere with the method, but if necessary, it can be purified by wash- 
ing the dry powder with alcohol. 
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11. Bromine. Many laboratory workers have had difficulty in 
the purification of this reagent, and others have ignored the large 
quantities of iodine which it usually contains. Iodine can be 
removed from bromine by the following simple procedure: 50 cc. 
of bromine are placed in a retort and covered with a layer of 10 
per cent copper sulfate, about 1 cm. deep. The bromine is dis- 
tilled through the sulfate solution into an ice-cooled container. 

12. Sodium thiosulfate, 0.001 n. This solution should be kept 
away from light. 

13. Starch, 1 per cent solution. 

14. Potassium iodide. 


DISCUSSION 


The method as outlined above requires about 3 hours from the 
time the blood is taken until the results are obtained. Thus the 
technique is much more rapid than most of the available pro- 
cedures. Several determinations can be made simultaneously by 
one technician. 

The thiosulfate should be standardized against potassium iodate 
with quantities of iodine similar to those to be estimated. The 
standardization should be checked every 2 or 3 days. All titra- 
tions should be carried out under the same conditions of light, 
fluid volume, temperature, and acidity. Since bromine oxidizes 
potassium iodide with the liberation of iodine, it is wise, if possible, 
to carry the flask to a different room immediately after boiling off 
the bromine, in order to complete the procedure away from 
bromine fumes. 

The method can be greatly simplified when used for the deter- 
mination of iodine in substances containing larger amounts of 
that element and less organic material than blood. 

The object of the alcohol extraction is to avoid the necessity 
of prolonged ashing, which results in the loss of iodine. During 
the fusion, alll of the iodine in organic combination is converted 
to the inorganic form. If organic material is present in large 
quantities, as in blood, it interferes with the subsequent steps. 
Only a small percentage of this organic material is carried over 
with the alcohol. 

If only a comparatively small amount of organic material is 
present, as in the case of diiodotyrosine or even thyroid tissue, it 
is possible to omit the alcoholic extraction completely. 
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On very rare occasions, even when the above technique is care- 
fully followed, enough organic matter may be carried into the 
distillation flask to interfere seriously with the liberation of iodine. 
The presence of such an amount of organic material can be recog- 
nized by the brownish color of the solution resulting from reduction 
of the ferric sulfate. This difficulty can bé successfully overcome 
by the addition of an excess of a saturated solution of potassium 
permanganate to the hot mixture before distillation, and before 
the addition of hydrogen peroxide, which undergoes double decom- 
position with the permanganate. 


TaBLe [ 
Estimation of Iodine (Whole Procedure) 



































Deter-| Sub- : Percent|Determi-| Sub- : Percent 
‘ton — Iodine a... = — —— | Iodine a = 
micro- micro- micro- micro- 
grams grams grams grams 
1 KI 1.05 | 1.05 100 12 KI | 5.25 | 5.02 95 
2 os 1.05 | 1.05 100 13 aes 5.25 | 5.40 | 103 
3 ” 1.05 | 1.01 96 14 - 5.25 | 5.06 96 
4 ws 1.05 1.01 96 i iv 5.25 | 5.02 95 
5 | « | 91 | 212/ 101 | 16 | KIO,| 2.1 | 2.03 | 97 
si * 2.1 | 2.14 | 102 | 17 . 2.1 | 2.10 | 100 
7 ” 2.1 2.02 96 18 - 2.1 2.14 | 102 
8 ” 2.1 2.01 96 _ a. 2.1 2.14 | 102 
9 7 2.1 1.89 90 1 * 2.1 2.14 | 102 
10 | ' 2.1 2.08 99 | 21 | “ 2.1 2.16 | 103 
11 = 5.25 | 4.91 93 i: * 2.1 2.12 | 101 
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When large amounts of fat are present, as may be the case in 
many biological substances, excessive foaming, due to soap forma- 
tion, may occur during the fusion. This can be controlled by the 
addition of ethyl alcohol. In working with any sample of food 
which is very low in iodine content, it is sometimes necessary to 
use large amounts in order to obtain the 2 or 3 micrograms of 
iodine necessary for accurate estimation. In this case it is fre- 
quently convenient to fuse the sample in several crucibles and 
then to combine the alcoholic extract before completing the 
estimation. 
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A blank should be run on all reagents frequently and the blank 
value must be subtracted each time a determination is made. 
Frequently this value is 0 and should never be more than 0.2 
microgram. 

Table I presents a series of unselected results obtained by the 
determination of iodine with known quantities of potassium iodide 
and potassium iodate. The average recovery of 98.4 per cent and 
the regularity of results are gratifying. 


TaBLe II 
Estimation of Iodine (Whole Procedure) 
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ay l l 
a “on mons Substance used Iodine llodine recovered| Per cent recovery 
micrograms micrograms | 
1 p-lodobenzoic 0.79 0.77 98 
acid 
2 Hg 0.79 0.73 92 
3 - = 0.79 0.79 100 
4 ” ” 3.95 3.95 100 
5 ” 7 3.95 3.84 97 
6 “ 5 3.95 3.82 97 
i carey 6 vipt vads s.5 «see vow foe : 97 
7 Diiodotyrosine 4.60 4.52 98 
8 “ 4.60 4.60 | 100 
9 1 4.60 4.56 99 
Average recovery Bh SR rer eae 99 





Table II shows a series of results obtained with known amounts 
of diiodotyrosine and p-iodobenzoic acid, with findings quite com- 
parable to those obtained with inorganic compounds. 

Table III shows the results obtained by the method in recovering 
added quantities of iodine from blood. 

The question of loss of iodine by evaporation has been investi- 
gated. The amount of volatilization is a function of both time 
and temperature. The loss in 10 minutes at 385° in the presence 
of excessive quantities of potassium hydroxide from material con- 
taining such minute quantities of iodine is so small that its detec- 
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tion by chemical methods is very difficult. The loss probably 
never is more than 2 per cent. 

Hydrogen peroxide is a particularly suitable reagent to use 
during the distillation procedure, since it liberates iodine from all 
its combinations. Iodides are quantitatively oxidized by hydro- 
gen peroxide with the formation of free iodine. Iodates and 
periodates undergo double decomposition with the liberation of 
free iodine, and when organic compounds containing iodine are 
decomposed by hydrogen peroxide in strongly acid solution, the 
iodine is liberated as free Is. 


Tass III 
Recovery of Iodine Added to Blood 























Determination} Todine.in | fodine added | Iodine found | Added iodine | Per cent added 
microgram micrograms micrograms micrograms 
1 0.79 2 2.81 2.02 97 
2 0.79 2.1 2.71 1.92 91 
3 0.79 2.1 2.71 1.92 91 
4 0.79 2.1 2.85 2.06 98 
5 0.79 2.1 2.81 2.02 97 
6 0.71 5.25 5.84 5.13 98 
7 0.71 5.25 5.75 5.04 96 
8 0.71 5.25 5.48 4.77 91 
Average recovery. . Or pore epee tat me tod 95 





The Winkler method of titration, which is used in this and 
several other methods, is valuable but not always reliable. In 
this procedure iodine is oxidized to iodate, which in turn is used 
to liberate iodine from an-excess of added iodide in acid solution. 
As a result 6 times the original amount of iodine are available for 
titration. The reaction, however, is not specific for iodine. Any 
substance which after oxidation will liberate iodine from iodide 
will yield positive results. Many organic compounds have this 
property. It is for this reason that some of the closed combustion 
methods, such as that of Karns (15), give high results. Ferric 
iron as well as other inorganic compounds will also liberate iodine 
from iodides and will cause erroneously high values. It is our 
opinion that all the modifications of von Fellenberg’s (6) original 
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procedure are likely to err in this regard. Distillation in glass, 
as indicated in the method described in this report, frees the iodine 
from the interfering impurities and is therefore of great value in 
precluding such possibilities. 


SUMMARY 


1. A new method for the determination of small quantities of 
iodine in organic material is described. The iodine is isolated for 
estimation by a process of alkaline digestion followed by acid 
distillation. 

2. Some advantages of the method are: (a) it is rapid and 
accurate; (b) several determinations can be made simultaneously; 
(c) the technique is not difficult and can be greatly simplified when 
used for the determination of substances containing large quanti- 
ties of iodine. 

3. Known quantities of iodine have been determined accurately 
by this method in both inorganic and organic materials. 
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FEEDING EXPERIMENTS WITH MIXTURES OF HIGHLY 
PURIFIED AMINO ACIDS 


IV. THE SUPPLEMENTING EFFECT OF CASEIN FRACTIONS 
OBTAINED BY THE CARBAMATE PROCEDURE* 
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In former publications from this laboratory it has been demon- 
strated that young rats are unable to survive upon diets in which 
synthetic mixtures of nineteen highly purified amino acids are 
furnished in place of proteins (Rose, 1931-32), but that growth 
occurs when the above diets are supplemented with 5 per cent of 
the monoaminomonocarboxylic acid fraction (butyl alcohol- 
soluble portion) of hydrolyzed casein (Windus, Catherwood, and 
Rose, 1931-32). These observations provide convincing proof 
for the presence in casein of a dietary essential other than the 
generally recognized amino acids. 

During the past 3 years the properties of this unknown sub- 
stance have been investigated by a number of methods. Several 
procedures have been devised whereby it may be greatly concen- 
trated. As a result of these studies much information has been 
accumulated regarding the nature of the compound which, we 
believe, will lead eventually to its isolation and identification. 
The substance does not appear to be identical with any one of the 
many products which, from time to time, have been reported as 
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components of proteins. Differential properties which appear to 
distinguish it will be described in the next communication (Paper V). 

At this time attention is directed to the behavior of the unknown 
compound during the fractionation of hydrolyzed casein according 
to the method of Kingston and Schryver (1924). Inasmuch as 
no chemical test for the growth factor is available, its presence can 
be demonstrated only by the increment in body weight which 
follows its incorporation in a diet carrying the known amino acids 
as the only other sources of nitrogen. Such biological tests have 
been made upon each of the protein fractions obtained by the 
Kingston and Schryver procedure. The preparation of the 
materials and the conduct of the feeding trials are described below. 


EXPERIMENTAL 


Fractionation of Protein—The fractionation was carried out as 
follows: 1.5 kilos of casein were refluxed on a sand bath for 18 
hours with a mixture of 1875 ce. of concentrated sulfuric acid and 
5625 ce. of distilled water. After dilution with 3 volumes of wa- 
ter, the mixture was treated with finely powdered barium hydrox- 
ide until only a trace of sulfuric acid remained. The precipitate 
was filtered off and washed twice by suspending in 5 liters of 
distilled water and passing in steam until the mixture had been 
heated to the boiling point. The combined filtrate and washings 
were evaporated in vacuo to a volume of approximately 10 liters, 
and barium hydroxide was added in 5 per cent excess (as deter- 
mined by a Sérensen titration). This resulted in the precipitation 
of part of the aspartic acid as its barium salt. Inasmuch as experi- 
ments had already shown that this fraction carried no growth- 
stimulating material, it was discarded. 

The filtrate from the barium aspartate was concentrated in vacuo 
to a volume of 5 liters and treated with 2 volumes of 95 per cent 
ethyl alcohol. After the solution had been allowed to stand in the 
cold for 2 days, the precipitate of the barium salts of the dicar- 
boxylic acids was filtered off. The free amino acids were liberated 
in the usual way, and their solution was evaporated to dryness 
in vacuo (dicarboxylic acid fraction). 

The alcoholic filtrate from the dicarboxylic acids was employed 
for the preparation of the barium carbamates according to the 
directions of Kingston and Schryver (1924). For this purpose, 
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the solution was cooled with ice and saturated with finely pow- 
dered barium hydroxide. Phenolphthalein was added, and carbon 
dioxide was passed in until the indicator was almost decolorized. 
Throughout the procedure the solution was agitated by means of a 
mechanical stirrer. After the treatment with barium hydroxide 
and carbon dioxide had been repeated twice, the solution being 
kept alkaline during the entire process, the gelatinous precipitate 
of carbamates was filtered off. The filtrate was again treated as 
described above, leading to the separation of a second precipitate 
of carbamates. The process was then repeated a third time. 
The combined filtrate and washings from the three carbamate 
precipitates were treated with carbon dioxide for the removal of 
the excess barium hydroxide; and the solution was concentrated 
in vacuo to a volume of 1.7 liters. By the addition of 2 volumes 
of 95 per cent alcohol, and alternate treatment with barium 
hydroxide and carbon dioxide, three additional carbamate precip- 
itates were secured. The six preparations were dried in vacuo at 
60°, combined, and worked up as described below. 

The final filtrate from the carbamates was freed of barium and 
alcohol; and the aqueous solution (about 1200 cc.) was treated 
with sufficient sulfuric acid to render it approximately 25 per cent 
in strength. The whole was then refluxed for about 12 hours. 
This step was taken in order to complete, as far as possible, the 
hydrolysis of any prolylproline present at this stage (cf. Kingston 
and Schryver). After dilution of the solution to a volume of 6 
liters and removal of the sulfuric acid, the filtrate was concen- 
trated in vacuo, and the hygroscopic product was finally dried in a 
vacuum oven (first proline fraction). 

The combined carbamate precipitates were extracted four times 
with 8.3, 4.5, 2, and 2 liter portions of ice water respectively. 
This process is said to remove all of the amino acids in the form of 
their carbamates with the exception of glycine, whose carbamate 
is insoluble in ice water. The residue was decomposed by sus- 
pending it in 5 liters of water and passing in steam for 2 hours. 
The precipitate of barium carbonate was filtered off and washed 
twice with 1 liter portions of hot water. The combined filtrate 
and washings were freed of the last traces of barium’ and concen- 
trated to dryness in vacuo (glycine fraction). 

The soluble carbamates were decomposed by boiling, and fil- 
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tered. The final traces of barium were removed; and the solution 
was concentrated to a volume of 7.5 liters. Sulfuric acid was 
added until the solution contained approximately 5 per cent; and 
the diamino acids were precipitated with phosphotungstic acid. 
After the complete separation of the phosphotungstates, they 
were removed by filtration and washed with 5 per cent sulfuric 
acid. The free diamino acids were recovered in the usual manner 
and dried in vacuo (diamino acid fraction). 

The filtrate and washings from the diamino acids were freed of 
excess sulfuric and phosphotungstic acids by the addition of barium 
hydroxide. After carefully adjusting the reaction until neither 
barium nor sulfate ion could be detected, the solution was again 
concentrated in vacuo to a volume of about 5 liters. At this point 
a voluminous precipitate of leucine separated and was removed 
(less soluble leucine fraction). On further evaporation of the 
filtrate to a volume of about 1 liter, a second precipitate of impure 
leucine was secured (more soluble leucine fraction). 

The filtrate from the two leucine fractions was evaporated to a 
thick syrup having a volume of approximately 50 cc., and was 
treated with 500 cc. of absolute ethyl aleohol. This resulted in 
the formation of a heavy precipitate of the remaining monoamino- 
monocarboxylic acids. The latter were filtered off, thoroughly 
washed with 300 cc. of absolute alcohol, and dried (alcohol precip- 
itate). The filtrate and washings were combined and evaporated 
to dryness (last proline fraction). 

For further details regarding the above procedure, the reader is 
referred to the paper of Kingston and Schryver (1924). 

Conduct of Feeding Experiments—The growth-stimulating effect 
of each of the several fractions obtained as outlined above was 
determined in a manner similar to that employed by Windus, 
Catherwood, and Rose (1931-32). Twenty-one young rats from 
two litters were used in the experiments. During the first 12 days 
the animals received a ration (Diet B) carrying a mixture of 
eighteen amino acids as the sole source of nitrogen. During this 
period they lost weight rapidly at first, and then more gradually. 
At the expiration of 12 days, the rats were transferred to Diet C, 
containing 5 per cent of one of the casein fractions in place of an 
equivalent amount of “effective” amino acids. 

The composition of the diets is shown in Table I. Amino acid 
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Mixture III contained all of the generally recognized protein 
components with the exception of serine and hydroxyglutamic acid. 
| Its make-up is identical with that of Mixture I of the paper of 
Rose (1931-32) except that no serine was present. As explained in 
previous publications, hydroxyglutamic acid has never been 
available to us. At the time the studies reported herein were 
made, we had not secured an adequate supply of serine. The 
absence of these two amino acids appears to exert no detrimental 


TaBLe | 
Composition of Diets* 
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Diet B Diet C 
gm gm. 

Amino acid Mixture III (17 amino acids)....... 23.8 16.7 
Supplement (casein fraction).................-. 5.0 
6S ge near sae 0.6 0.6 
Glucosamine hydrochloride (d-)................ 1.0 1.0 
Bodiam bicarbomate....... 0.0.2... ccccsccsccss 0.4 0.4 
NO ta ia a oh phe a oka oot ae 22.2 24.3 
a a a as Bice als wiih 15.0 15.0 
SR er eere aa 4.0 4.0 
ES nk watcdles venden dee seaboeenkeeaws 2.0 2.0 
a Pee ee 26.0 26.0 
SI cs 2 oh i i EY eal 5.0 5.0 

100.0 100.0 











daily, each containing 100 mg. of yeast. 
t Osborne and Mendel (1919). 





* Each diet contained 18 per cent of “effective’’ amino acids, including 
glucosamine. The vitamin B factors were supplied in the form of two pills 


effects upon growth as shown in the papers of Rose (1931-32) and 
Windus, Catherwood, and Rose (1931-32). Inasmuch as 1.405 
gm. of Mixture III are equivalent to 1.0 gm. of “effective’’ acids, 
the proportion of the mixture in Diet C was placed at 16.7 per 
cent. Thus each ration provided 18 per cent of “effective” acids 
including glucosamine. In addition to the basal rations, which 
were fed ad libitum, each animal received two pills daily, each 
containing 100 mg. of yeast, as a source of the vitamin B factors. 
The results of the experiments are shown in Charts I to III in- 
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CHART I. 
SUPPLEMENTING EFFECT OF CASEIN 
FRACTIONS OBTAINED BY THE 
1664¢ (63) CARBAMATE METHOD. 
. Supplements (5%) were introduced 
at arrows. 
(55) 
1665¢ (65) 
(63) 
lese? (54) , 
(52) 
1667¢ (59) (59) 
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ca 
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Cuart I. The numbers in parentheses denote the initial and final weights 


of the rats. 
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CHART II. 
SUPPLEMENTING EFFECT OF CASEIN 
FRACTIONS OBTAINED BY THE 
CARBAMATE METHOD. 
1673¢ (54) Supplements (5%) were introduced 
at arrows. 
(48) 
1674¢ «= (54) 
| (So) 
~ 
1675¢ (56) 10 ays.o| © 
. ° 
a 
¥ 
v Leucine (less Be 
(less sol.) (44) 
1676¢ (64) 
1677¢ (64) 
16782 (55) 
































clusive. 


Cuart II. The numbers in parentheses denote the initial and final 
weights of the rats. 


From the data it is evident that the concentration of 


active material was greatest in the amino acids which were preci- 





pitated by alcohol (Chart ITT). 





Since this fraction includes most 
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CHART III. 


SUPPLEMENTING EFFECT OF CASEIN 
FRACTIONS OBTAINED BY THE 


CARBAMATE METHOD. 


Supplements (5%) were introduced 


at arrows. 
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Cuart III. The numbers in parentheses denote the initial and final 
weights of the rats. 
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TaB_e II 


5 Per Cent of Casein Fractions 


The experiments covered 28 days each. 
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of the monoamino acids, the finding confirms the observation of 


Windus, Catherwood, and Rose. On the other hand, it will be 


Total Changes in Body Weight and Total Food Intakes on Diet C Containing 





Rat No. 
and sex 


1664 #7 
1665 @* 
1666 9 


1667 # 
1668 #7 
1669 9 





1670 
1671 #7 
1672 ° 


1673 #7 
1674 7 


1675 # 
1676 


1677 
1678 9 





1679 #7 
1680 ¢# 
1681 9? 


1682 7 
1683 @* 
1684 9 








Litter 


B 


“cc 





Total 





alcohol) 


Proline (first) 


Glycine 


photungstic acid) 


Leucine (less_ soluble) 


“ 


Proline (last) 


Casein fraction —. - ees Be \ 
gm. gm. 
Dicarboxylic amino acids (precipitated +4 71 
by barium hydroxide and ethyl | +10 87 
+7 71 
+13 81 
+14 73 
+10 77 
+2 71 
+4 73 
+2 73 
Diamino acids (precipitated by phos- +4 63 
+6 65 
-1 66 
(more “ ) +7 81 
+9 76 
+6 70 
Absolute alcohol precipitate +34 118 
*. +30 108 
+31 110 
+13 84 
+12 78 
+10 73 











noted that several of the other fractions carried appreciable quan- 
tities of the unknown compound as demonstrated by the moderate 





growth stimulation following their inclusion in the food. This is 
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particularly true of the two proline fractions (Charts I and III). 
In general, the method of Kingston and Schryver does not appear 
to effect as sharp a separation of the unknown from proline as does 
the procedure followed by Windus, Catherwood, and Rose. Of 
considerable interest, however, is the fact that the growth stimu- 
lant is associated with the amino acids whose carbamates are 
soluble in ice water. This property will doubtless prove to be of 
value in the isolation of the compound inasmuch as it provides a 
means of separating the latter from glycine with which it is usually 
contaminated. 

In comparing the growth-stimulating effects of fractions secured 
by the carbamate method with those obtained by other procedures, 
one should recall that the conditions existing during the prepara- 
tion of the carbamates are conducive to racemization. If the 
monoamino acids carried the unknown substance in a partially or 
completely racemized form, the growth-stimulating effect of the 
fraction may have been lowered proportionately. 

The total changes in body weight and the total food intakes of 
the animals are summarized in Table II. The relation of appetite 
to the adequacy of the diet for growth purposes, as will be mani- 
fested by a comparison of the data, is in accord with the results 
always experienced by us in investigations of this sort. Like 
correlations will be observed frequently in subsequent papers from 
this laboratory involving the feeding of mixtures of purified amino 
acids. 


SUMMARY 


Hydrolyzed casein has been fractionated according to the carba- 
mate procedure of Kingston and Schryver (1924); and the indi- 
vidual fractions have been tested for their growth-stimulating 
effects when introduced into a basal diet containing a mixture of 
highly purified amino acids as the only other source of nitrogen. 
The results indicate that the unknown life essential previously 
found in casein is associated with those monoamino acids whose 
carbamates are soluble in ice water. 

The carbamate procedure does not effect as sharp a separation 
of the active maierial from proline and certain other amino acids 
as does the method employed by Windus, Catherwood, and Rose 
(1931-32). 
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Glycine, because of the relative insolubility of its carbamate in 
ice water, may be removed from concentrates of the growth stimu- 
lant. Doubtless this property will prove to be of considerable 
value in the purification of the unknown substance since glycine 
is one of its usual contaminants. 
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FEEDING EXPERIMENTS WITH MIXTURES OF HIGHLY 
PURIFIED AMINO ACIDS 


V. ADDITIONAL PROPERTIES OF THE UNKNOWN GROWTH 
ESSENTIAL PRESENT IN PROTEINS* 


By CLYDE T. CALDWELLf anp WILLIAM C. ROSE 


(From the Laboratory of Physiological Chemistry, University of Illinois, 
Urbana) 


(Received for publication, July 12, 1934) 


In order to learn more concerning the properties of the unknown 
life essential discussed in the previous papers of this series, a va- 
riety of other experiments have been conducted. Among these, 
one of the more important was that involving the fractionation of 
the products of protein hydrolysis by the copper salts procedure. 
This method was employed by Town (1928) for the preparation of 
proline. Later a similar process was devised in this laboratory 
(Klabunde, 1931) for the separation of hydroxyproline from its 
natural sources. The copper salts method has been used by 
Brazier (1930) and Damodaran (1931) for the identification of the 
amino acids present in zein and glutenin respectively. 

The known amino acids fall into three groups when the differ- 
ential solubilities of their copper salts in water and absolute methyl 
alcohol are made use of for separation purposes. In Table I is 
shown what appears to be the approximate division of the generally 
recognized protein components. This classification is baged 
largely upon the findings of Town, Brazier, and Damodaran. In 
the case of cystine, norleucine, and methionine, the solubility tests 
were made in this laboratory. However, racemic norleucine and 

* Aided by grants from the National Research Council, the Committee 
on Scientific Research of the American Medical Association, the Permanent 
Science Committee of the American Academy of Arts and Sciences, and the 
Graduate School Research Fund of the University of Illinois. 

+ The experimental data in this paper are taken from a thesis submitted 
by Clyde T. Caldwell in partial fulfilment of the requirements for the degree 
of Doctor of Philosophy in Physiological Chemistry in the Graduate School 


of the University of Illinois. 
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methionine, rather than the natural forms, were tested. For this 
reason interrogation marks are placed in Table I after these two 
acids. 

It should be borne in mind that the group separation of amino 
acids by means of their copper salts is at best only an approxima- 
tion. Furthermore, the solubilities of certain of these salts is 
markedly modified by the nature of their contaminants. For 
these reasons the procedure does not appear to us to be a satis- 
factory one for protein analysis. On the other hand, we have 
found it to be an extremely valuable process for the removal of 
part of the extraneous amino acids from our unknown compound. 
Preliminary experiments had shown that the unknown substance 


TaBLe I 
Apparent Division of Amino Acids by Copper Salts Method 








Copper salts insoluble inwater| but insoluble in dry methyl” | Copper sale soluble in water 
Leucine Glycine Valine 
Phenylalanine Alanine Isoleucine 
Aspartic acid Serine Proline 
Cystine Glutamic acid Hydroxyproline 
Norleucine (?) Hydroxyglutamic acid | 
Methionine (?) Tyrosine 

Arginine 
Histidine 
Lysine 








Tryptophane is destroyed during the acid hydrolysis. 


could be concentrated by the method in question. Hence, it was 
deeided to work up a larger amount of hydrolyzed casein and to 
test the several fractions for their growth-stimulating action. 

As will be pointed out later in this paper, other attempts have 
been made to concentrate the substance and to prepare certain de- 
rivatives of it. As a result, many of its properties are now known. 


EXPERIMENTAL 


Supplementing Effects of Casein Fractions Prepared by Copper Salts 
Method 


Preparation of Fractions—1.5 kilos of casein were hydrolyzed as 
described in the preceding paper (PaperIV). After removal of the 
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last traces of sulfuric acid, and concentration of the filtrate to a 
volume of approximately 12 liters, the copper salts of the amino 
acids were prepared by the addition of an excess of basic copper 
carbonate. When effervescence had ceased, the mixture was 
evaporated in large dishes on steam cones before currents of air. 
Finally, the copper salts were dried in an electrically heated box, 
provided with a forced draft, and were ground to a fine powder. 
The product, including the excess copper carbonate, weighed 
1864 gm. 

The above material was extracted ten times with 5 liter portions 
of distilled water. The first five extracts were made by shaking 
gently in order to overcome the tendency to emulsion formation. 
The last five were prepared by vigorous agitation of the material] 
on a shaking machine for periods of 45 to 60 minutes each. The 
combined extracts were then evaporated in large dishes on steam 
cones before moderate currents of air. The dry water-soluble 
copper salts amounted to 1366 gm. The water-insoluble cop- 
per salts, including the excess basic copper carbonate, weighed 
483 gm. 

The water-soluble copper salts were further divided into the 
methyl alcohol-soluble and the methyl alcohol-insoluble salts. 
For this purpose, the material was first extracted for 30 hours in a 
large continuous extractor operated under reduced pressure. At 
the conclusion of this period, the fluid returning to the vaporization 
chamber was very light blue in color. The solution of the soluble 
salts was evaporated to dryness, leaving a hygroscopic residue 
weighing 415 gm. (methy! alcohol Extract I). 

Extract I was dissolved in 1600 cc. of water and concentrated 
to approximately 800 cc. on a steam cone. It was then allowed 
to stand in the ice box for the crystallization of the less soluble 
copper salts. About 35 gm. separated, and were filtered off and 
dried. The water-more-soluble fraction amounted to 380 gm. (by 
difference). As will be explained later, the smaller of the above 
fractions was further separated into two parts on the basis of the 
solubilities of the free amino acids. 

The residue from Extract I was further extracted with absolute 
methyl alcohol in the continuous extractor for a period of 8 hours. 
The resulting solution was very light blue in color. The large 
amount of undissolved copper salts was washed by grinding with 
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approximately 4 liters of methyl aleohol. The combined extract 
and washings were evaporated to dryness, and yielded a residue 
of 22 gm. (methyl alcohol Extract II). 

Growth tests, made with a small sample of amino acids regen- 
erated from the copper salts which failed to dissolve in the two 
methyl alcohol extracts, showed that all of the unknown substance 
had not been removed. Because of this fact, half of the copper 
salts (465 gm.) was further extracted twelve times by mechanical 
shaking at room temperature with 2.5 liter quantities of absolute 
methyl alcohol. The shaking periods ranged from 45 to 90 
minutes each. After removal of the methyl alcohol, the combined 
dry material amounted to 31 gm. This was warmed with 250 cc. 
of water and allowed to stand overnight in an ice box for the 
crystallization of the less soluble copper salts. The latter were 
recrystallized from a second 250 cc. portion of water. A light 
blue product weighing 3.2 gm. was secured. It was devoid of 
growth-stimulating activity and was discarded. The combined 
aqueous filtrates were concentrated to dryness, leaving about 27 
gm. of residue (methyl alcohol Extract ITI). 

Each of the fractions prepared as outlined above was transformed 
into the free amino acids by dissolving in water and decomposing 
the copper salts with hydrogen sulfide. Because of the marked 
insolubility of the water-insoluble copper salts, they were first 
treated with sulfuric acid and then with hydrogen sulfide. The 
sulfuric acid was subsequently removed quantitatively with 
barium hydroxide. All precipitates were thoroughly washed with 
water; and the combined filtrate and washings from each fraction 
were concentrated in vacuo for the recovery of the amino acids. 

As has been indicated above, methy] alcohol Extract I was sub- 
fractionated into the copper salts which were readily soluble in 
water and those which were not readily soluble in water. The 
latter subfraction, after removal of the copper, was further divided 
by crystallization into the more soluble free amino acids and the 
less soluble free amino acids. 

Conduct of Feeding Experiments—Each fraction of amino acids 
was tested for its growth-stimulating effect by incorporating it in a 
diet carrying all of the known amino acids with the exception of 
hydroxyglutamic acid. The composition of the diets is shown in 
Table II. As will be observed, these contained amino acid Mix- 








tl 


wo ts 


fs © wel ee 


a a ee ee oe) 6d sian ae Be ee 


~~ nae ao Aah, 2 a 





ct 
ue 











C. T. Caldwell and W. C. Rose 61 
ture I instead of Mixture III which was employed in the preceding 
paper (Paper IV). It differs from Mixture III in that it contains 
2 per cent of dl-serine. 

Twenty rats from four litters were used in the experiments. 
During the first 12 days they received the deficient diet (Diet B-1). 
They were then transferred to Diet C-1 containing 4.5 or 5 per cent 
of one of the amino acid fractions. The results are presented in 
Charts I to IV inclusive. In Table III are summarized the total 














TaBLe II 
Composition of Diets* 
Diet B-1 Diet C-1 
Pie at reers gm. gm 

Amino acid Mixture I (18 amino acids)......... 23.8 16.7 
Supplement (casein fraction).................-. 5.0 
ed ce a mannan neetwin’ 0.6 0.6 
Glucosamine hydrochloride (d-) ................ 1.0 1.0 
i MER Cosas shucks sens ss casece ees’ 0.4 0.4 
ESC co Se See Cee mB nh. Pee 22.2 24.3 
Ooi ot cok ACE Nate aes hae ae ee 15.0 15.0 
«cna nkwthddme skedaanvodaweeeeeee 4.0 4.0 
Aaa ins cChie ca nenis weeenG ae paeekee sxe 2.0 2.0 
ae rN, igang kc semen ee eee ea One ee 26.0 26.0 
ETE SEE Ee eo Em, Cee ES 5.0 5.0 

100.0 100.0 








* Each diet contained 18 per cent of “‘effective’’ amino acids, including 
glucosamine. The vitamin B factors were supplied in the form of two pills 
daily, each containing 100 mg. of yeast. 

t Osborne and Mendel (1919). 


changes in body weight and the total food intakes of the animals. 
With the exception of Rats 1808 and 1809 (Chart III) the feeding 
trials were conducted for 28 days. Because of the small quantity 
of material obtained in methyl alcohol Extract II, it became 
necessary to discontinue the tests with this fraction at the expira- 
tion of 26 days. Thus the weight changes and food intakes of 
Rats 1808 and 1809 are expressed for 26 days, while like data for 
the other animals are for periods of 28 days. 

It is evident from the growth curves that the unknown protein 
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component is absent from the amino acids whose copper salts 
are insoluble in water (Chart I). Charts II to IV inclusive demon- 


TaBie III 


Total Changes in Body Weight and Total Food Intakes on Diet C-1 Containing 
& Per Cent of Casein Fractions Obtained by Copper Salis Method* 





























at =. Litter | Copper salts seer * o amino acids were chan in Pe 
| | 

gm. gm. 
1798 9} C Water-insoluble -1 67 
1799 # | “ —2 70 
1800 7 | D 0 70 
18017 | E 0 72 
1802 9} C Methyl alcohol Extract I, more soluble | +24f 122 
1803 «7 | D salts +24f 106 
1804 7 | E +28f 117 
1805 7 | F +28 100 
1806 7 | E Extract I, less soluble salts, more solu- 2 75 

ble amino acids 
1807 «| D | Extract I, less soluble salts, less soluble —6 66 
amino acids 

1808 2 | D | Methyl alcohol Extract II +46* 140 
1809 9 | “ +37* 127 
1810 9; C Residue from Extract II +12 89 
1811 #7 6 +16 103 
18127 | D +12 98 
18138 7 | E +15 97 
1814 9| F Methyl alcohol Extract III +52 134 
1815 | “ +43 121 
1816 9° - Residue from Extract III +14 80 
1817 7 |“ | +18 | 104 











* The weight changes and food intakes are calculated for periods of 28 
days except in the case of Rats 1808 and 1809. The experiments upon the 
latter were discontinued at the expiration of 26 days, inasmuch as by then 
the supply of Extract II had been exhausted. 

t Rats 1802, 1803, and 1804 received the supplement in 4.5 per cent con- 
centration. 


strate that the active substance is very slowly extracted by absolute 
methy] alcohol from the water-soluble copper salts. Furthermore, 
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the later alcohol extracts (Charts III and IV) are more active 


than the earlier (Chart IT). 


Doubtless this is to be explained by 


the fact that the earlier extracts carry larger quantities of those 
amino acids whose copper salts are readily soluble in methyl alco- 








CHART I. 


SUPPLEMENTING EFFECT 
OF AMINO ACIDS FROM 
WATER-INSOLUBLE COPPER SALTS. 


Supplements (5%) were 
introduced at arrows. 
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Cuart I. The numbers in parentheses denote the initial and final weights 


of the rats. 


hol. This results in a greater diluting effect. 
much richer in proline than were Extracts II and ITI. 


Thus Extract I was 


If the method yielded a clear cut separation of the three groups 
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CHART II. 
SUPPLEMENTING EFFECT 
OF AMINO ACIDS FROM 
ABSOLUTE METHYL ALCOHOL “EXTRACT I" 
OF WATER-SOLUBLE COPPER SALTS. 
Rats 1802 - 1805: Amino acids from 





copper salts readily soluble in water. 
Rats 1806 - 1807: Amino acids from 
copper salts not readily soluble in 
water. 

1806: Sub-fraction of more 














































































soluble amino acids. 2( 64), 
1807: Sub-fraction of less 
soluble amino acids. 
Supplements were introduced at arrows. 
Figures above arrows represent the (66) 
percentages of the supplementing 
materials. 
18022 (52) 
(76) 
18030 (54) (67) 
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Cuart II. The numbers in parentheses denote the initial and final 
weights of the rats. 
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SUPPLEMENTING EFFECT (86) 
OF AMINO ACIDS FROM 
ABSOLUTE METHYL ALCOHOL “EXTRACT II" 
OF WATER-SOLUBLE COPPER SALTS, 
AND OF AMINO ACIDS FROM THE 
COPPER SALTS RESIDUE. 
Rats 1808 - 1809: “Extract II". 
Rats 1810 - 1813: 
Supplements (5%) were 
introduced at arrows. 
(80) 
1sos? (48) t 
@ 
<-10 days & 
1809? (54) ° 
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t 
1810? (58) (58) 
(64) 
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Cuarr III. The numbers in parentheses denote the initial and final 


weights of the rats. 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. 107, No. 1 








66 Effect of Feeding Amino Acids. V 





CHART IV 


Supplements ( 


SUPPLEMENTING EFFECT 
OF AMINO ACIDS FROM 
ABSOLUTE METHYL ALCOHOL "EXTRACT III" 
OF WATER-SOLUBLE COPPER SALTS, 
AND OF AMINO ACIDS FROM THE 
FINAL COPPER SALTS RESIDUE. 
Rats 1814 - 1815: "Extract III". 
Rats 1816 - 1817: Final Residue. 
) were 
introduced at arrows. 
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Cuart IV. The numbers in parentheses denote the initial and final 
weights of the rats. 
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of amino acids, it would be much more valuable than experience 
has demonstrated it to be. Thus, if only valine, isoleucine, 
proline, and hydroxyproline together with our unknown were 
removed by alcohol, the resulting mixture would be comparatively 
simple, and readily capable of further fractionation. This, how- 
ever, is not the case. Appreciable traces of the copper salts of 
many other amino acids are removed by exhaustive treatment 
with methyl alcohol. Under the circumstances, the extremely 
slow extraction of the unknown substance, as manifested by its 
presence even in the final residue (Rats 1816 and 1817, Chart IV), 
and the fact that amino acids other than those whose copper salts 
are regarded as soluble appear in the methyl alcohol solution, 
indicate that the chief value of the procedure is for the removal of 
the water-insoluble copper salts. However, a limited number of 
methyl alcohol extractions remove much of the valine, isoleucine, 
proline, and hydroxyproline, and leave behind considerable quan- 
tities of the unknown substance. Thus, despite its limitations, 
the method has been of great service to us for the purposes indi- 
cated, and is being used regularly as a step in our efforts to isolate 
the unknown growth essential. 


Attempts to Produce Derivatives of the Unknown with Picric and 
Picrolonic Acids 


On frequent occasions active fractions of casein, prepared by 
several different processes, have been treated with picric or picro- 
lonic acid in an endeavor to precipitate either the growth stimulant, 
or some of its contaminating amino acids. In none of these trials 
have we found the unknown to be associated with the precipitates. 
Evidently, if it yields a picrate or picrolonate, the resulting deriva- 
tive is exceedingly soluble. In some cases the above treatment 
has been followed by complete loss of activity. In other experi- 
ments some of the growth stimulant has been observed in the 
more soluble fractions, but not in greater concentration than be- 
fore the picric or picrolonic acid treatment. Apparently, this 
behavior is not due to the separation of the active material into two 
components. 

Efforts to concentrate the compound by extraction of the mixed 
picrates with ether, or with amyl alcohol-ether mixtures, as em- 
ployed in another connection by Dakin and West (1931), have also 
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TaBLe IV 


Properties of Certain Reported Protein Components Which Differentiate 
Them from Our Growth Essential 





Substance 


Differential properties 





Aminobutyric acid (Foreman, 1913; 
Abderhalden and Weil, 1913) 

Hydroxyaminobutyrice acid (Gort- 
ner and Hoffman, 1925; Schryver 
and Buston, 1925-26; Rimington, 
1927) 

Norvaline (Abderhalden and Bahn, 
1930) 

Hydroxyvaline (Schryver and 
Buston, 1925-26; Brazier, 1930) 
Dihydroxypyrrole alanine (Van 

Slyke and Hiller, 1921) 
di-Lysine (Schryver and Buston, 
1927) 
Hydroxylysine (Schryver, Buston, 
and Mukherjee, 1925) 
“Protoctine”’ (Schryver and 
Buston, 1926) 
Glucosamine-mannose 
(Rimington, 1929) 
Citrulline (Wada, 1933, a) 


complex 


Prolysine (Wada, 1933, b) 


Canavanine (Kitagawa and 


Yamada, 1932) 





a-Aminobutyric acid does not im- 
prove quality of our diets 

Zn salt, soluble in ethyl alcohol; Cu 
salt, insoluble in methyl alcohol 


Does not improve quality of our 
diets 
Zn salt, soluble in ethyl alcohol 


Pptd. by phosphotungstic acid 


“ “ “ “ 


Said to occur in glycine fraction of 
carbamates; pptd. by phospho- 
tungstic acid; not present in casein 

Soluble in absolute alcohol; pptd. by 
phosphotungstie acid 

Gives positive Molisch test 


Cu salt, difficultly soluble in hot 
water; yields proline on acid 
hydrolysis 

Yields lysine on hydrolysis with 
strong acid; Cu salt, insoluble in 
methyl alcohol; forms crystalline 
picrate; gives violet-red color 
with furfural, acetone, and HCl 
(Schiff’s test) 

Gives difficultly soluble flavianate; 
forms ruby-red color when treated 
with sodium nitroprusside pre- 
viously exposed to sunlight (very 
sensitive test) 








yielded uncertain results. At a later date we expect to reinvesti- 
gate, in greater detail, the behavior of the substance toward picire 


and picrolonic acids. 
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Properties Which Appear to Distinguish Our Growth Essential from 
Several Products Said to Be Present in Proteins 


In Table IV are listed a number of compounds which have been 
reported from time to time as components of various proteins. 
The existence of some of these has not been verified by other 
investigators; nor have their structures, in many instances, been 
proved by synthesis. Naturally, it occurred to us early in our 
experiments that one of these products might be the substance we 
are attempting to isolate. Sufficient information concerning the 
behavior of our unknown has now been accumulated to render it 
very unlikely that it is identical with any one of the materials in 
Table IV. As will be observed, certain properties reported by 
the discoverers are listed after the compoundsin Table IV. These 
characteristics differ from those manifested by our unknown. 
On the other hand, at the present time, we cannot exclude the 
possibility that the latter may consist of a mixture of two or more 
substances. 

One statement in Table IV requires special consideration. This 
has to do with the solubility of the zine salt of hydroxyvaline in 
absolute ethyl alcohol. It was largely by means of this property 
that Schryver and Buston (1925-26) succeeded in isolating from 
oat proteins what they regarded as hydroxyvaline. Recently, 
Mayeda (1933) has reported the separation from fish meat of an 
amino acid whose formula apparently agrees with that of hydroxy- 
valine. He implies that his product is the growth stimulant we 
are endeavoring to isolate. Mayeda states, however, that further 
investigations are necessary in order to determine whether his 
substance is a single entity, and to decide whether it is identical 
with the hydroxyvaline of Schryver and Buston. 

Inasmuch as we had excluded hydroxyvaline from further 
consideration more than 2 years ago, we were surprised at the 
observations of Mayeda. It has been our experience that the zinc 
salt of our unknown substance dissolves with extreme difficulty in 
absolute ethyl alcohol. Recent tests have confirmed this opinion. 
However, we are again reinvestigating the problem, and will have 
more to say concerning it in a later publication. At the present 
time we do not believe that the solubility of our compound, under 
the conditions employed by Mayeda, is of such a magnitude as to 
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make its isolation as simple as his paper would lead one to believe. 
Attention also should be called to the fact that the increases in 
weight observed by Mayeda, by the use of 1 per cent of his pre- 
sumably pure product in the diet of rats, varied from 14 to 22 gm. 
in the course of 26 days. Obviously, such values indicate sub- 
normal growth. We have frequently observed, in unpublished 


TaBLE V 
Other Compounds and Miztures Which Have No Supplementing Effect 





H 
| 
N-—“ 
5% pyrrolidonecarboxylic acid O=C-CH,-CH:,-CH-COOH 
H 
| 
wee 
5% pipecolinie acid CH:-CH:-CH,-CH:-CH-COOH 
CH;-CH; 
3% isovaline CHNH,-COOH 
CH; 
5% B-aminovaleric acid CH;-CH,-CHNH;-CH,-COOH 
3% y-aminovaleric “ CH;:CHNH,-CH;-CH;-COOH 


NH, 


| 
2.5%  a-amino-a-methylvaleric | CH;-CH:-CH:-C—COOH 
acid | 
CH; 
3% e-aminocaproic acid CH,NH,-CH;-CH,-CH,-CH,-COOH 
3% norvaline and 3% isovaline 
6% norvaline, 6% isovaline, and 
0.5% serine 
0.25% creatine and 0.25% creat- 
inine 








experiments, gains of 2 or more gm. per day following the intro- 
duction of 1 to 2 per cent of our impure active fractions. Mayeda’s 
observations and our own are conflicting in several other respects, 
but these need not be considered here. 


Non-Identity of Our Compound with a Variety of Synthetic Substances 


In the course of our attempts to isolate the unknown growth 
essential, we have frequently observed it to be associated with 
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the prolines, valine, and isoleucine. Because of this fact, it 
occurred to us that the substance in question might be closely 
related chemically to one of the four amino acids indicated above. 
We have tested, therefore, the supplementary effect of a number 
of synthetic products. The latter are listed in Table V.'. None 
exerted the slightest growth-stimulating effect when included in 


TaBie VI 
Properties of Unknown Growth Essential 





Very soluble in water 

Somewhat soluble in ethyl alcohol containing a little water, and in 94% 
methyl alcohol 

Moderately soluble in n-butyl alcohol saturated with water, and in 80- 
90% isopropyl alcohol, secondary butyl alcohol, and acetone 

Insoluble in anhydrous ethyl, isopropyl, n-butyl, and secondary butyl 
alcohols, and in acetone, ether, ethyl acetate, and dioxane 

Is not pptd. by silver salts and barium hydroxide 

“« « «barium hydroxide and alcohol 

“« « —“« — phosphotungstie acid in 5% sulfuric acid 

“«« “« © flavianic acid 

Gives Cu salt which is very soluble in water and slightly soluble in absolute 
methyl alcohol 

Forms Zn salt which is very slightly soluble in absolute ethyl alcohol 

Yields carbamino derivative which is soluble in ice water (monoamino- 
monocarboxylic acid?) 

Appears not to yield insoluble picrate 

2 fT a ” picrolonate 

Is destroyed by treatment with nitrous acid as indicated by complete loss 
of growth-stimulating action* 

Yields ethyl and butyl esters which may be distilled at high temperatures 
and low pressures* 

Is liberated during digestion of casein with trypsin 





* McCoy and Rose, unpublished data. 


the food in the proportions indicated in Table V. The last items, 
namely creatine and creatinine, were tested because of the observa- 
tion that certain of our early active fractions responded mildly 
to the Jaffe test. Since that time fractions have been secured 


1 For most of the compounds we are indebted to Dr. C. 8. Marvel of the 
Organic Division of this Department. The §-aminovaleric acid was kindly 
furnished to us by Dr. H. D. Dakin. We take this occasion to express our 
thanks to each of these gentlemen for his helpful cooperation. 
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which give practically no color with picric acid and alkali. In 
the light of these findings the growth test was superfluous, but is 
included for the sake of completeness. 


Properties of Unknown Substance 


In Table VI are summarized the more important properties of 
the growth essential in so far as available information permits one 
to judge. Theoretically, it should be possible to isolate the com- 
pound by making use of the properties listed. Efforts along this 
line are being continued. 

Attention should be called to the observation that the growth- 
stimulating effect of our active material is destroyed by treatment 
with nitrous acid; and that it yields ethyl and butyl esters, each of 
which may be distilled at high temperatures and low pressures 
(McCoy and Rose, unpublished data). These properties indicate 
that the compound is probably an amino acid. 

Tryptic digests of casein yield butyl alcohol-soluble active 
fractions, but the latter appear to have no greater potency than 
similar extracts prepared from acid-hydrolyzed casein. Evidently, 
the substance is quite resistant to the strong sulfuric acid routinely 
employed by us as the hydrolytic agent. 

Finally, it may be affirmed that the compound is an integral 
part of the protein molecule, and not something adsorbed by or 
occluded in the casein particles. Exhaustive extraction of unhy- 
drolyzed casein with water-saturated butyl alcohol removes no 
activity; nor is the potency of the active fractions obtained from 
such casein diminished by the preliminary treatment. Vitamin- 
free casein, repeatedly extracted successively with 80 and 95 per 
cent ethyl alcohol and then with ether, yields on hydrolysis frac- 
tions which show the usual growth-stimulating effect. Purifica- 
tion of casein before hydrolysis by repeated solution in dilute 
alkali and precipitation with acid fails to diminish the activity of 
the resulting butyl alcohol-soluble amino acids. These findings 
demonstrate that we are not dealing with an accessory factor of the 
nature of a vitamin. 

While the isolation of the unknown substance has proved to be 
unexpectedly difficult, largely because of the similarity of its 
properties to those of several contaminating amino acids, we have 
every reason to believe that eventually we will succeed in obtaining 
it in pure form. 
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SUMMARY 
Biological tests of fractions of hydrolyzed casein obtained by 
means of the copper salts method indicate that the copper salt of 
the unknown growth essential is very readily soluble in water, and 
only slightly soluble in absolute methyl alcohol. The substance 
appears to yield neither an insoluble picrate nor picrolonate. 
Available evidence indicates that it is not identical with any one 
of the many products which have been reported, from time to time, 
as constituents of proteins. 
A number of other properties have been discovered. They are 
being made use of in further attempts to isolate and identify the 
compound. 
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XYLOSEPHOSPHORIC ACIDS. II 


By P. A. LEVENE ann ALBERT L. RAYMOND 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, July 10, 1934) 


In a previous communication! we reported the fact that on phos- 
phorylation of a product which was believed to be 5-benzoyl 
monoacetone xylose, the only product isolated after hydrolysis was 
5-xylose phosphate. Moreover, methylation of this same benzoyl 
derivative led to a mixture of 3-methyl and 5-methyl xylose.” 
Experiments were cited which indicated the benzoyl compound to 
be homogeneous,’ thus suggesting a migration either of the benzoyl 
group prior to phosphorylation, or of the phosphoryl group during 
removal of the acetone and benzoyl groups. The problem there- 
fore became that of establishing, if possible, the stage at which 
migration occurred. 

For this purpose it was decided first to confirm the essential 
homogeneity of the benzoyl monoacetone xylose, and second to 
make renewed attempts to prepare derivatives of xylose substi- 
tuted in position (3), with isolation, if possible, of the intermediates 
and determination of their structure. 

In order to confirm the belief that the 5-benzoyl monoacetone 
xylose was homogeneous, a once crystallized preparation was toly]- 
sulfonated and the product was carefully fractionated. Some un- 
changed starting material was recovered and, after deducting this, 
the yield of pure 3-tolylsulfo 5-benzoyl monoacetone xylose was 86 
per cent of the theoretical. Of the remaining 14 per cent, about 8 
per cent was accounted for by impure fractions of unchanged 
starting material and of chlorine-containing syrup. No evidence 


' Levene, P. A., and Raymond, A L., J. Biol. Chem., 102, 347 (1933); the 
first paper of this series. 

* Levene, P. A., and Raymond, A. L., J. Biol. Chem., 102, 331 (1933). 

* Levene, P. A., and Raymond, A. L., J. Biol. Chem., 102, 317 (1933). 
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was obtained for the presence of the isomeric 5-tolylsulfo 3-benzoyl 
monoacetone xylose in any fraction. On the basis of this evidence 
it is warranted to assume that the benzoyl monoacetone xylose 
is practically homogeneous. 

For the second objective stated above, the preparation of deriv- 
atives of xylose substituted in position (3), recourse was had to the 
5-benzylearboxy monoacetone xylose previously described. To 
correlate definitely the position of the benzoyl group and the 
benzylearboxy group in these derivatives, the tolylsulfo benzyl- 
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Fia. 1. Glycoside formation on 3-methyl and 3-p-tolylsulfo xylose 


carboxy monoacetone xylose was prepared, the benzylcarboxy 
group was removed catalytically, and the product benzoylated. 
The resultant tolylsulfo benzoyl monoacetone xylose was identical 
with that prepared by tolylsulfonation of the benzoyl monoacetone 
xylose. Inasmuch as only the mildest conditions were employed, 
the possibility of rearrangements during these reactions would 
seem to be minimal. 

The benzylearboxy tolylsulfo monoacetone xylose was next 
hydrolyzed to remove. both the benzylearboxy and the acetone 
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groups, and a crystalline tolylsulfo xylose was secured. In 
experiments on glycoside formation two glycosides, typical in 
character, were observed, confirming the allocation of the tolyl- 
sulfo group to position (3). It is interesting to note (Fig. 1) 
that although the form of the curves is identical, both the di- 
rection and the magnitude of the changes are different in 3-tolyl- 
sulfo and in 3-methy! xylose. 

Here, therefore, we have a case in which the only product iso- 
lated is the 3-substituted xylose, which would be normally ex- 















© 3Phospho 5-methyl monoacetone xylose 
x Phosphate from monoacetone xylose 
o ‘ « Y-methyl xyloside 
4 ° *  5-benzoyl mono- 
acetone xylose 
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Fig. 2. Rate of phosphorus hydrolysis in phospho xyloses 
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pected. It was hoped that 3-phospho xylose might be prepared 
analogously, and the 5-benzylearboxy monoacetone xylose was 
therefore phosphorylated, the acetone removed by acid hydrolysis, 
and the benzylearboxy group by catalytic hydrogenation. The 
isolated phospho xylose was again apparently that with the sub- 
stituent in position (5). 

Because of the small optical changes observed during glycoside 
formation of the 3-tolylsulfo xylose, it was considered possible 
that the phospho xyloses described on the basis of glycoside forma- 
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tion as 5-phospho derivatives were really substituted in position 
(3) and that the optical changes were so small as to be overlooked. 
The rate of acid hydrolysis of the various phospho xyloses was 
therefore compared, the inorganic phosphate being determined 
colorimetrically. The results are given in Fig. 2, from which it 
may be seen that the 3-phospho 5-methyl monoacetone xylose 
(in which the phosphoric acid is certainly attached to carbon (3)) 
has a rate of hydrolysis entirely different from that of any of the 
other esters. Thus it is evident that the migration of the phos- 
phoryl group occurs in the case of xylose with great ease. This 
peculiarity may be attributed to the fact that in the case of xylose 
the hydroxyl groups in positions (3) and (5) are located in close 
proximity, a fact revealed by the study of the structural model as 
already pointed out by Haworth.‘ It seems not unlikely that such 
changes occur through a bridge of the ortho type, as indicated 
below, although no experimental evidence has been secured for this 
assumption. 
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It may be mentioned that an attempt was made to prepare the 
3-phospho xylose through the trityl monoacetone xylose but that 
it was unsuccessful. A further attempt will be made to prepare 
the compound with 5-benzyl monoacetone xylose as an inter- 
mediate. 


EXPERIMENTAL 


Tolylsulfonation of 5-Benzoyl Xylose—50 gm. of crystalline, but 
not recrystallized, 5-benzoyl xylose were dissolved in 150 cc. of 
dry pyridine and 36 gm. of p-toluenesulfo chloride were added. 


‘Haworth, W. N., The constitution of sugars, London, 51 (1929). 
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The mixture was shaken to dissolve the chloride and was then left 
overnight at room temperature. 5 cc. of water were added, and 
after 30 minutes at room temperature the product was isolated 
in the manner previously described. The dried chloroform solu- 
tion was concentrated under reduced pressure to a syrup which 
was dissolved in ether and cooled. Pentane was added to tur- 
bidity, and the mixture was seeded. The material obtained was 
recrystallized similarly, the mother liquors from the two crystalli- 
zations being combined. Reworking these mother liquors afforded 
three additional crops of crystals and a residue which was dried 
under reduced pressure to a viscous syrup. 

Repeated crystallization of the combined fractions from various 
solvents finally gave 59.7 gm. of pure 3-tolylsulfo 5-benzoyl mono- 
acetone xylose (m.p. 94-95°; [a]? = —64.4° to —64.8° (CHCI;)); 
3.0 gm. of pure unchanged starting material (m.p. 83-84°; [a]? = 
+5.5° (CHCls)); 2.9 gm. of impure starting material ([a]?” = 
—6.2° (CHCl;)); and 3.6 gm. of a syrup which was found by 
analysis to contain both sulfur and chlorine. In addition, 1.2 
gm. of product were lost during the manipulations. Assuming the 
impure 5-benzoyl monoacetone xylose recovered above to be 80 
per cent pure, the yield of 3-tolylsulfo 5-benzoyl monoacetone 
xylose is 86 per cent of the theoretical, with 5.4 gm. of impure 
material towards the remaining 14 per cent. No evidence was 
secured for the presence of any of the isomeric 3-benzoy] 5-tolyl- 
sulfo monoacetone xylose, although all the end-fractions were 
carefully examined for its presence. 

3-Tolylsulfo 5-Benzylearbory Monoacetone Xylose—10 gm. of 
5-benzylearboxy monoacetone xylose were dissolved in 50 ce. of 
pyridine and 6.5 gm. of p-tolylsulfonyl chloride were added. The 
mixture was shaken until-the chloride dissolved and was kept in 
the warm room (at 40°) overnight. The solution was cooled, 2 cc. 
of water were added, and after 30 minutes at room temperature, 
more water was added. The product was extracted with chloro- 
form, washed with dilute sulfuric acid, and dried with sodium 
sulfate. The dry extract was concentrated under reduced pres- 
sure to a syrup which was dissolved in warm ether. On cooling, 
the product crystallized immediately. The crystals were filtered 
off and a second crop was obtained by adding pentane and re- 
cooling. The yield in two crops was 11.3 gm. or 77 per cent of the 
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theoretical, and 2.0 gm. of crude crystalline material were secured 
by evaporating the mother liquors. The pure fractions were 
three times recrystallized from 95 per cent alcohol, and the product 
thus secured melted at 1283-1294°. It had a rotation of [a]® = 
oO 

oe —25.0° (in chloroform). 

The composition agreed with that of a tolylsulfo benzylearboxy 
monoacetone pentose. 


4.450 mg. substance: 9.450 mg. CO, and 2.160 mg. H,O 


0.1036 “ “ _ ; 0.478 gm. BaSO, 
C23H20.8S. Calculated. C 57.72, H 5.48, 8 6.70 
478.3 Found. “ 57.92, “ 5.44, “ 6.34 


The substance is very soluble in acetone and chloroform; quite 
soluble in benzene and ethyl acetate; almost insoluble in cold, but 
soluble in hot ether, methyl or ethyl alcohol, hexane, and heptane. 
It is very slightly soluble in hot or cold pentane or water. 

8-Tolylsulfo 5-Benzoyl Monoacetone Xylose from 3-Tolylsulfo 
5-Benzylcarboxry Monoacetone Xylose—5 gm. of 3-tolylsulfo 5-ben- 
zylearboxy monoacetone xylose were suspended in 55 ce. of 95 per 
cent alcohol, approximately 1 gm. of Raney’s nickel catalyst was 
added, and the mixture was hydrogenated at a pressure of 45 
pounds per sq. inch, with shaking, for 4 hours. The catalyst was 
filtered off, and the filtrate concentrated under reduced pressure 
to a syrup and distilled with toluene to remove traces of water. 
It was dissolved in 40 cc. of dry pyridine, cooled in ice, and 1.33 ce. 
of benzoyl chloride (1.1 moles) were added. The mixture was 
allowed to stand overnight at room temperature, and the product 
was isolated as usual. The dried chloroform extract was con- 
centrated under reduced pressure to a syrup which was dissolved 
in ether. After cooling, pentane was added to faint turbidity 
and the mixture was seeded. In this way there was obtained, in 
two crops, a total of 4.2 gm. of slightly sticky material. After 
one recrystallization from methyl alcohol it was substantially 
pure 3-tolylsulfo 5-benzoyl monoacetone xylose, m.p. 933-94}°. 
Mixed melting point with an authentic sample, 94-95°; [a]” = 
—64.6° (CHCl;). The yield of pure product was 3.1 gm. or 66 
per cent of the theoretical. 

8-Tolylsulfo Xylose—10 gm. of 3-tolylsulfo 5-benzylearboxy 
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monoacetone xylose were suspended in 100 cc. of dry methyl 
alcohol and 3 cc. of barium methylate solution (1.3 N) were added. 
The mixture was shaken 15 minutes until dissolved and was then 
left at room temperature for 4 hours. It was concentrated under 
reduced pressure to a syrup and dissolved in 30 cc. of glacial acetic 
acid. 60 cc. of water and 10 cc. of 5 N sulfuric acid were added 
and the mixture heated for 2 hours at 80°. Without cooling, a 
solution of the equivalent quantity (6.3 gm.) of barium acetate was 
added and the mixture filtered. The filtrate was concentrated 
under reduced pressure to about half its original volume, filtered 
with charcoal, and further concentrated. Over calcium chloride 
in a vacuum desiccator the syrup crystallized spontaneously. The 
yield of crude crystalline product was 5.6 gm. or 88 per cent of the 
theoretical. The product was twice recrystallized from isobutyl 
alcohol and then melted at 123—124° and had a rotation, in abso- 
lute alcohol, of [a]? = eo a - ar = +40.2°. A 2 per cent 
solution, in water, had specific rotations of +27.1° (1.5 minutes 
after dissolving), 25.8° (3 minutes), 19.8° (10 minutes), 15.9° (15 
minutes), 14.0° (20 minutes), 12.6° (26 minutes), 10.6° (35 min- 
utes), 9.6° (52 minutes), and 9.4° (4 hours). 
The composition agreed with that of a tolylsulfo pentose. 


4.725 mg. substance: 8.210 mg. CO; and 2.250 mg. H,O 


8.765 “ 7 : 6.630 “ BaSO, 
Ci2H,.0;8. Calculated. C 47.34, H 5.30, S 10.54 
304.2 Found. “ 47.40, “ 5.33, “ 10.39 


The substance is quite soluble in water and very soluble in 
methyl and ethyl alcohol, but is fairly insoluble, even at the boiling 
point, in acetone, ethyl acetate, chloroform, ether, benzene, pen- 
tane, hexane, and heptane. It reduces Fehling’s solution strongly 
on warming. 

Glycoside Formation of 3-Tolylsulfo Xylose—A 0.0344 m solution 
of 3-tolylsulfo xylose in methyl alcohol containing 0.5 per cent of 
dry hydrogen chloride was used for glycoside formation at room 
temperature and at 76°, the technique previously described® being 
used. The specific rotations are plotted in Fig. 1, in which the 


5 Levene, P. A., Raymond, A. L., and Dillon, R. T., J. Biol. Chem., 96, 
699 (1932). 
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curves for 3-methy] xylose are included for comparison. It will 
be observed that although the types of the curves are identical, 
the magnitude of the rotation changes is far smaller in the case 
of the tolylsulfo derivative and the changes are opposite in direc- 
tion in the two cases. 

Phospho Xylose from 5-Benzylcarboxy Monoacetone Xylose—To 
35 ec. of cold (—40°) dry pyridine were added 4 cc. of phosphorus 
oxychloride and then, in one portion, a solution of 13 gm. of 5- 
benzylearboxy monoacetone xylose in 50 cc. of cold (—30°) 
pyridine. The mixture was well stirred and then kept for 2 hours 
in anice-salt bath. It was recooled to —30° and water was added, 
drop by drop, until no further heat evolution occurred. Water 
was added and the mixture was concentrated under reduced pres- 
sure until the pyridine was nearly all removed. 

60 cc. of glacial acetic acid and 7.2 cc. of 5 N sulfuric acid were 
now added and the mixture diluted to a volume of 180 cc. It was 
heated at 80° for 1 hour and then cooled in ice. Freshly prepared 
silver acetate, in dilute acetic acid, was added until the halide was 
removed, the mixture was filtered, and the residue washed with 
acetic acid. The filtrate was treated with hydrogen sulfide and 
then aerated. The calculated quantity of barium acetate (4.9 gm. 
of the monohydrate) was added, and the mixture filtered with 
charcoal. The filtrate was concentrated under reduced pressure 
and evaporated with addition of water until but little acetic acid 
remained. It was diluted to about 200 cc. and a solution of 
neutral lead acetate was added until precipitation was, complete. 
The precipitate was washed several times with dilute acetic acid, 
and then with water until acid-free. 

The lead salt was suspended in water and decomposed with 
hydrogen sulfide, filtered, refiltered with charcoal, and the filtrate 
concentrated to about 200 ce. About 5 gm. of Raney’s nickel 
catalyst were added and the mixture hydrogenated overnight 
under a pressure of about 45 pounds per sq. inch. Toluene was 
formed, as indicated by the odor. The catalyst was filtered off 
and washed with water. The filtrate and washings were com- 
bined and cooled, barium hydroxide solution was added to about 
pH 5.6, and the solution was concentrated under reduced pressure 
to a volume of about 50 cc. It was made alkaline (about pH 8.2) 
by addition of barium hydroxide, filtered with charcoal, and pre- 
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cipitated with 3 to 4 volumes of acetone. The precipitate was 
centrifuged off, washed successively with 50 per cent acetone, 
acetone and ether, and dried over phosphorus pentoxide. The 
yield was only 1.4 gm. 

The composition agreed fairly well with that of the barium salt 
of a pentose phosphate. 


4.780 mg. substance: 28.075 mg. ammonium phosphomolybdate (Pregl) 


10.415 “ ws : 5.885 “ BaSO, 
C;H,OsPBa. Calculated. P 8.50, Ba 37.59 
365.5 Found. “ 8.53, “ 33.25 


Rates of Hydrolysis of Xylosephosphoric Esters—An amount of 
the barium salt of the respective ester to contain 5.00 mg. of 
phosphorus was dissolved in 50 cc. of 1 N hydrochloric acid. Por- 
tions of this solution were sealed in tubes and heated in the steam 
bath. The barium salts of the esters employed were: (a) 3-phos- 
pho 5-methyl monoacetone xylose, (b) the ester from 5-benzoyl 
monoacetone xylose, (c) the esters from 5-benzylearboxy mono- 
acetone xylose, (d) the esters secured by phosphorylating y-methyl 
xyloside, and (e) the ester obtained by phosphorylating mono- 
acetone xylose. 

The sealed tubes were heated for varying lengths of time, cooled, 
and opened. The inorganic phosphorus was determined colori- 
metrically by the method of King,® a photoelectric colorimeter 
being employed for the comparisons. The acid present in the 
samples was compensated for by adding an exactly equal amount 
to the calibration standards. 

The results are given in Fig. 2, from which it will be seen that 
with the ester in which the phosphorus is definitely situated in posi- 
tion (3) the rate of hydrolysis is much greater than in the case of 
any of the others. 


* King, E. J., Biochem. J., 26, 292 (1932). 
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THIO SUGARS 
By ALBERT L. RAYMOND 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, July 10, 1934) 


The generally accepted biological significance of substances 
containing a thiol group is sufficient justification for undertaking a 
detailed study of the thio sugars. Only one naturally occurring 
thio sugar in which the thio group is attached to a carbon atom in 
other than the reducing position is known. Thisis a thiomethyl 
pentose which is a component of an adenine nucleoside occurring 
in yeast. Two papers appeared almost simultaneously on the 
structure of this sugar; Suzuki, Odake, and Mori! assigned to the 
sugar the structure of a 5-thiomethy] aldopentose, whereas Levene 
and Sobotka? regarded it as a 3- or 4-thiomethyl ketopentose. 
Neither of these theories appears to have been adequately tested, 
and further investigation was suggested by Dr. Levene. 

In view of the scarcity of the material, the synthetic method of 
approach seemed most promising. The theory of Suzuki et al. 
is particularly susceptible of investigation by this method, for 
there are only four possible 5-thiomethyl aldopentoses of either 
series (d- or l-) and these would give only two osazones. Thus their 
theory requires that the osazone of the natural sugar be identical 
with the osazone of 5-thiomethyl xylose (lyxose) or 5-thiomethy] 
ribose (arabinose). ; 

The synthesis of 5-thioethyl and 5-thiomethyl xylose was ac- 
complished by heating 5-tolylsulfo monoacetone xylose with the 
potassium salt of ethyl or methyl mercaptan, followed by hydro- 
lysis of the acetone derivative to the nicely crystalline alkylthio 
xyloses. By analogy with 5-methyl xylose in method of prepa- 
ration, these compounds would be expected to have the thio 

‘ Suzuki, V., Odake, S., and Mori, T., J. Agric. Chem. Soc. Japan, 2, 1 


(1924); Biochem. Z., 104, 278 (1924). 
? Levene, P A., and Sobotka, H. H., J. Biol. Chem., 65, 551 (1925). 
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groups attached to carbon atom (5) and this assumption was 
confirmed by examination of the glycoside formation. The 
formation of only one glycoside, of the typical y type, wasindicated. 
The substances may therefore be designated 5-thiomethyl and 
5-thioethyl xylose. They rapidly reduce Fehling’s solution on 
warming, and reduce it slowly at room temperature. Since the 
only ring form in which they can exist is the furanose, it is interest- 
ing that these free sugars are so nicely crystalline. 

The synthetic 5-thiomethyl xylose differed from the natural 
sugar in that it was crystalline, had a different specific rotation, 
and gave a phenylosazone which differed in melting point and 
optical properties from the osazone of the natural thiomethyl 
pentose. Thus, 5-thiomethyl xylose, 5-thiomethyl lyxose, and 
5-thiomethyl-2-ketoxylose (or -lyxose) are definitely excluded as 
possible structures for the natural sugar. 

On attempting to apply these same methods to the p-tolylsulfo 
2,3-monoacetone methylribofuranoside described by Levene and 
Stiller, the reaction apparently followed a different course and 
after hydrolysis only a small amount of a syrupy reducing sub- 
stance was obtained. From this material, however, there was 
prepared a nicely crystalline p-bromophenylosazone of correct 
composition. In its properties this substance also differed from 
the corresponding osazone of the natural sugar. Had the structure 
of the syrupy material been definitely established, then position 
(5) would have been excluded for the allocation of the thiomethy] 
group in the natural sugar. An attempi was therefore made to 
prepare 5-thiomethyl ribosazone in a manner that would assure 
its structure. Since the osazone of 5-thiomethyl arabinose would 
be identical with that of 5-thiomethy] ribose, it would serve equally 
well, but unfortunately no derivatives of arabinose which permit 
substitution in position (5) are easily available. For this reason 
attention was directed to the possibility of preparing 6-thiomethyl 
glucose with a view to degrading it to 5-thiomethyl arabinose. 
The 6-thiomethy] glucose was in fact prepared (from 6-p-tolylsulfo 
monoacetone glucose) and its structure was confirmed by glucoside 
formation, which was analogous in type to that of glucose and of 
6-methyl glucose. The degradation of this derivative to the 
arabinose compound has not as yet been completed. 


3 Levene, P. A., and Stiller, E. T., J. Biol. Chem., 106, 421 (1934). 
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Because of the further possibility that, in the naturally occurring 
thio sugar, the thiomethyl group might be attached in a position 
other than (5), attention was directed to the development of meth- 
ods for the introduction of thio groups into such positions. The 
only previous work along this line is that of Freudenberg, who 
synthesized 3-thiomethy] glucose by isomerizing the xanthate; but 
this method would be difficult to extend to the substances which we 
desired to synthesize. In view of the fact that 2-bromo-8-methyl- 
glucoside has been shown to give 3-amino-§-methylglucoside on 
treatment with ammonia, it was hoped that the 3-thiomethyl 
derivatives might be synthesized analogously. In preliminary 
experiments, 2-bromo-methylglucoside was treated with potassium 
methyl mercaptan, giving a thiomethyl hexoside. However, on 
hydrolysis to the free reducing hexose, it was found that an osazone 
could not be prepared. Though negative evidence is open to 
question, it is felt that the experiments were convincing in this 
regard, and that the thiomethy] group is in all probability attached 
to carbon atom (2). From the mother liquors of the thiomethyl 
hexoside preparation, an isomeric, non-crystalline material was iso- 
lated by acetylation and distillation. On hydrolysis to the re- 
ducing hexose, this material was likewise found to yield no osa- 
zone, again indicating substitution in position (2). 

In connection with the work on the synthetic thio sugars, their 
behavior toward oxidizing agents was studied because of its bearing 
on the possible keto structure of the natural sugar. It was found 
that the 5-thiomethyl monoacetone xylose, in which the aldehyde 
group was protected against oxidation, was practically non-reduc- 
ing in the Lehmann-Maquenne determination, indicating no 
oxidation of the thio group by this reagent. In the Willstitter 
determination, on the other hand, exactly 1 atom of oxygen was 
used, indicating quantitative oxidation of the CH;S— to CH,SO—. 
The free thiomethyl xylose required 1.92 atoms of oxygen in the 
Willstitter oxidation so that both aldehyde and thio groups are 
almost quantitatively oxidized. In the Lehmann-Maquenne 
determination the free thio sugar used 1.39 atoms of oxygen, 1 
mg. of the thio pentose being equivalent to 0.42 mg. of glucose. 


EXPERIMENTAL 


5-Thioethyl Monoacetone Xylose—12 gm. of 5-p-tolylsulfo mono- 
acetone xylose and 6.0 gm. (2 moles) of dry sodium ethyl mercap- 
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tan were added to 70 cc. of dry acetone and sealed in a Pyrex 
flask body. The mixture was heated in the boiling water bath for 
2 hours, cooled, and opened. Without filtering, the mixture was 
concentrated under reduced pressure, water being added from time 
to time to keep the sodium toluenesulfonate in solution. The 
aqueous solution was extracted with 600 cc. of chloroform in three 
portions, the extract washed with dilute, ice-cold sulfuric acid, and 
then three times with ice water. The chloroform extracts were 
dried with sodium sulfate and concentrated under reduced pressure 
to a thick syrup. This was dissolved in hot hexane and cooled 
in a solid carbon dioxide-alcohol bath. The product crystallized 
on stirring. It was washed with cold hexane and air-dried. By 
reworking the mother liquors a second crop was secured, the total 
yield of air-dry material being 6.1 gm. or 75 per cent of the theo- 
retical. The product was three times recrystallized from hexane 
and it then melted at 663-673° and had a rotation, in absolute 
alcohol, of 
lal? = == rd = —57.5° 

The composition agreed with that of a thioethyl moncoacetone 

pentose. 


4.585 mg. substance: 8.600 mg. CO, and 3.100 mg. H,0 


8.164 “ “ 8.030 “ BaSO, 
7.585 “ “ —: 7.570 “ Agi 
CioHs0.8. Calculated. C 51.24, H 7.75, S 13.69, OCH, 19.21 
234.2 Found. “ 51.15, “ 7.57, “ 13.50, “ 19.14 


The substance is very soluble in methyl or ethyl alcohol, ether, 
acetone, ethyl acetate, and chloroform; fairly soluble in hot water, 
boiling heptane, or hexane; little soluble in boiling pentane; and 
almost insoluble in water, heptane, hexane, and pentane in the 
cold. 

5-Thioethyl Xylose—2 gm. of 5-thioethyl monoacetone xylose 
were added to 40 cc. of 1 n H2SO, and the mixture was heated at 
50° with frequent shaking until dissolved (about 1 hour). The 
solution was then heated to 80°, maintained at this temperature for 
2 hours, cooled, and shaken with an excess of barium carbonate. 
The mixture was filtered and the filtrate evaporated to dryness in a 
vacuum desiccator over phosphorus pentoxide. The product 
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crystallized spontaneously. It was extracted several times with 
boiling ether, leaving a small syrupy residue, which was discarded. 
The ether solutions were concentrated to a small volume and 
cooled. On seeding and stirring, the product crystallized. A 
second crop was obtained from the mother liquors, the yield of 
crystalline material being 1.4 gm. or 84 per cent of the theoretical. 
The material was recrystallized from ether in the same manner and 
then melted at 81-82° and had a rotation, in absolute alcohol, of 
— 2.) 
lalp = 9X 2.00 we 
3 minutes after dissolving and was unchanged after 2 hours. 
The rotation, in water, was 
+1.20° X 100 


lel = — 


2 X 2.012 





= +29.8° 


1 minute after dissolving, +20.6° (2 minutes), +17.1° (3 minutes), 
+16.4° (5 minutes), +15.4° (10 minutes, 20 minutes, and 1} 
hours). 

The composition agreed with that of a thioethyl pentose. 


4.030 mg. substance: 6.450 mg. CO, and 2.710 mg. H,O 


10.840 “ _ : 12.820 “ BaSO, 

8.471 “ sa : 9495 “ Agl 
C,H,,08. Calculated. Cc 43.26, H 7.27, Ss 16.51, OC.H; 23.17 
194.2 Found. “ 43.65, “ 7.53, “ 16.24, “ 21.48 


The substance is very soluble in water, methyl or ethyl alcohol, 
chloroform, and acetone. It is fairly soluble in hot ether or ethyl 
acetate, but not very soluble in the cold. It is very little soluble 
even at the boiling point, in heptane, hexane, or pentane. 

5-Thiomethyl Monoacetone Xylose—15 gm. of 5-p-tolylsulfo 
monoacetone xylose, 7.6 gm. (2 moles) of dry potassium metbyl 
mercaptan, and 75 cc. of dry acetone were heated, in a sealed flask, 
in the boiling water bath for 4 hours. The subsequent procedure 
was the same as for the ethyl derivative. The washed, dried 
chloroform extracts were concentrated under reduced pressure to a 
syrup which was dissolved in hexane. The product crystallized 
immediately and was filtered off and washed with hexane. By 
reworking the mother liquors, two additional crops of material 
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were secured, the total weight of air-dry substance being 7.2 gm. 
(75 per cent of the theoretical). The product was recrystallized 
from hexane containing 8 per cent of ethyl acetate, and then twice 
recrystallized from hexane containing 5 per cent of ethyl acetate. 
The material then melted at 914-92° and had a rotation, in 
absolute alcohol, of 
». -3exm 
[a]5 = rr eS x30" 53.9 
The composition agreed with that of a thiomethyl monoacetone 
pentose. 


5.244 mg. substance: 9.500 mg. CO, and 3.480 mg. H,0 


10.912 “ “ : 11.522 “ BaSO, 
6.990 “ “ ; 7.580 “ Agi 
C:H,,0.8. Calculated. C 49.05, H 7.33, S 14.56, OCH; 14.07 
220.2 Found. “ 49.41, “ 7.43,“ 14.50, “ 14.32 


The solubilities of the substance are similar to those of the 
corresponding ethyl derivative. 

5-Thiomethyl X ylose—2 gm. of 5-thiomethyl monoacetone xylose 
were added to 40 cc. of 1 N H.SO,, heated to 50°, and shaken fre- 
quently until dissolved (about 30 minutes). The subsequent 
treatment was the same as for the thioethyl derivative. The yield 
of crude crystalline product was 1.4 gm. (85 per cent of the theo- 
retical). The product, twice crystallized from ether, had a melting 
point of 74-75°. The rotation, in absolute alcohol, was 

—0.46° X 100 _ 


las = a 





3 minutes after dissolving and —39.0° at equilibrium. In water 
it was 


. 1.45° X 100 
+145" X 100 _ 9 4s 
2X 1.992 


lalp = 


1 minute after dissolving, 27.8° at 2 minutes, 22.8° at 3 minutes, 
22.6° at 44 minutes, 22.1° at 6 minutes, 20.6° at 9 minutes, 24 min- 
utes, and 3 hours. 

The composition agreed with that of a thiomethyl pentose. 
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5.018 mg. substance: 7.370 mg. CO, and 3.100 mg. H,O 


720 “ “ :9.290 “ BaSO, 

5.390 “ ” : 6.740 “ Agl 
C.H0,8. Calculated. C 39.96, H 6.72, S 17.79, OCH; 17.20 
180.4 Found. “ 40.06, “ 6.92, “ 17.67, “ 16.51 


The solubilities of the substance are similar to those of the 
corresponding thioethyl derivative. 

5-Thiomethyl Xylosazone—0.5 gm. of crude crystalline 5- 
thiomethyl xylose was dissolved in water and 1.0 cc. (3.3 moles) 
of phenylhydrazine dissolved in 1 ce. of glacial acetic acid was 
added. The mixture was heated on the steam bath for 2 hours 
and cooled. The osazone was filtered off, washed with methyl 
alcohol, and then recrystallized from methyl alcohol. The final 
material was a felt of coarse lemon-yellow needles. The compo- 
sition corresponded to that of a thiomethyl pentosazone. 


4.712 mg. substance: 0.633 cc. N (23° and 766 mm.) 


7.400 “ : 4.730 mg. BaSO, 
C,sH20.SN,. Calculated. N 15.65, Ss 8.94 
358.3 Found. “ 15.62, “ 8.78 


The product sintered slightly at 151° and melted without de- 
composition at 162-163°. The rotation in pyridine-absolute 
alcohol (2:3 by volume) was 

—0.17° X 100 


[els = — 


= —32.8° 
0.5 X 1.036 


2 minutes after dissolving, and —21.2° at equilibrium. The 
osazone from the natural product was reported by Levene and 
Sobotka? as having an initial rotation in the above solvent of +6° 
and +7° at equilibrium. «A newly prepared sample of the osazone 
of the natural product was found to melt at 160-161° and to have a 
mixed melting point with the osazone of the synthetic material of 
143-145°. Thus there can be no doubt as to the non-identity of 
the two osazones. 

Glycoside Formation on 5-Thiomethyl and 5-Thioethyl Xylose— 
The method and technique were those previously employed, the 
glycoside formation being conducted at room temperature and at 
76°. The results are plotted in Fig. 1, 5-methyl xylose being 
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included for comparison. 
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It will be seen that in all cases only one 


glycoside appears to be formed and that this is of the typical 


type. 
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Fia. 1. Glycoside formation on 5-thiomethyl, 5-thioethyl, and 5-methyl 


xylose. 























TABLE I 
Oxidation Equivalents of 5-Thiomethyl X ylose and 5-Thiomethyl Monoacetone 
Xylose 
| £2 
° = » 3 
a 3 & + 
Method Substance s © £ ° 5° é 
= = A ~ 
s2 | = | 3 | 233 
< = < S) 
mg. ce. mg. 
Lehmann- Thiomethyl xylose 7.97| 1.22 | 1.39 | 0.42 
Maquenne 
a ” monoacetone xylose | 50.7 0.04 | 0.01 
Willstatter - xylose 31.8 6.76 | 1.92 
° ° monoacetone xylose | 50.7 | 4.63 1.00 
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and shaken until dissolved, and then heated at 80° for 2 hours. 
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Oxidation Determinations—The thiomethyl xylose and _ its 
monoacetone derivative were used for oxidation determinations 
by both the Lehmann-Maquenne and Willstitter methods. The 
results are given in Table I. 

6-Thiomethyl Monoacetone Glucose—45 gm. of 6-tolylsulfo 
monoacetone glucose and 22 gm. of dry potassium methyl mer- 
captan were added to 200 cc. of dry, peroxide-free dioxane, and 
sealed in a Pyrex flask body. The mixture was shaken overnight 
at room temperature and was then heated in the steam bath, with 
occasional shaking, for 1} hours. The mixture was cooled, the 
bulb opened, and considerable ether was added. The precipitate 
was filtered off and extracted several times with boiling ether. 
The ethereal filtrate and extracts were combined, concentrated 
under reduced pressure to a small volume, and part of the dioxane 
was distilled off. 800 cc. of ether were added to the residue, the 
solution filtered with charcoal, and concentrated under reduced 
pressure to a syrup. This was distilled (at about 0.1 mm.), the 
boiling point being 140-155°. Four fractions (total weight 23.3 
gm.) were obtained and of these the third crystallized sponta- 
neously. When this was used for nucleation, all the fractions 
crystallized to a hard mass; but recrystallization from a solvent 
has not as yet been effected. The second fraction had a rotation, 
in absolute alcohol, of 

2  —0.16° X 100 . 
eb = —3xom 7 ~* 
and the last fraction, in the same solvent, a rotation of —7.6°. 

The composition of the _— agreed with that of a thiomethy] 

monoacetone hexose. 


4.498 mg. substance: 7.920 mg. CO, and 2.810 mg. H,O 


7.180 “ - : 6.648 “ BaSO, 

5.840 “ - : 5.485 “ Agl 
CioH:30,;8. Calculated. C 47.96, H 7.25, S 12.81, OCH; 12.39 
250.2 Found. “ 48.02, “ 7.00, “12.72, “ 12.40 


6-Thiomethyl Glucose—5 gm. of 6-thiomethyl monoacetone glu- 
cose were added to 30 cc. of 1 N sulfuric acid, the mixture warmed 
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The solution was cooled, the sulfuric acid neutralized with barium 
carbonate, and the filtrate concentrated under reduced pressure 
to a syrup. Despite repeated attempts, crystallization of this 
syrup has not as yet been effected. It strongly reduced hot 
Fehling’s solution. 

1 gm. of this syrup was heated on the steam bath with 3 
moles of p-bromophenylhydrazine and acetic acid, and the osazone 
which formed was filtered off. A second crop was secured by 
heating for a further time and then cooling in the refrigerator. 
The combined material was extracted twice with hot methyl alco- 
hol in which the osazone is practically insoluble. It was then a 
felt of beautiful, yellow needles. It darkened, on rapid heat- 
ing, at 177° and melted at 184-185°. The rotation, in pyridine- 
absolute alcohol (3:2 by volume) was 

»  —0.24° x 100 . 
ll = O5x10 ~ * 
2 minutes after dissolving, and — 16° at equilibrium after 5 hours. 

The composition agreed with that of a bromophenylosazone of 
a thiomethy] hexose. 


4.600 mg. substance: 7.060 mg. CO, and 1.650 mg. H,O 


6.299 “ aa : 0.564 ec. N (at 27° and 759.5 mm.) 
CisH2O3N.4Bro. Calculated. C 41.75, H 4.06, N 10.26 
546.1 Found. “ 41.86, “ 4.02, “ 10.19 


Glucoside Formation on 6-Thiomethyl Glucose—The method and 
technique were identical with those for the xylose derivative. 
The results are plotted in Fig. 2, 6-methyl glucose being included 
for comparison. 

Thiomethyl Methylhexoside from 2-Bromo-8-Methylglucoside I— 
Bromine was added to triacetylglucal, and the bromo sugar con- 
verted to the glucoside, substantially as described by Fischer et al.‘ 
The first form crystallized in good yield, was recrystallized, and 
deacetylated. 

30 gm. of dry, recrystallized 2-bromo-methylglucoside I and 15 
gm. of dry potassium methyl mercaptan were added to 350 cc. of 
dry acetone and sealed in a Pyrex flask body. This was heated in 


‘ Fischer, E., Bergmann, M., and Schotte, H., Ber. chem. Ges., 53, 509 
(1920). 
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the steam bath for 5 hours, cooled, and opened. The insoluble 
material was filtered off and washed several times with hot acetone, 
the combined acetone solutions were concentrated as far as pos- 
sible, and considerable chloroform was added. The mixture was 
boiled for several minutes and filtered hot. The residue was 
washed with hot chloroform, and the combined solutions were 
concentrated under reduced pressure to a syrup. This material 
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Fie. 2. Glucoside formation on 6-thiomethyl and 6-methyl glucose 


crystallized spontaneously on standing. It was triturated with 
acetone toremove the syrupy fraction and the crystalline material 
which remained weighed, on drying, 8.6 gm. It was recrystallized 
from 45 volumes of hot acetone. After two recrystallizations it 
had a melting point of 128}-1293° and a rotation, in water, of 


» _—2.09° X 100 ‘ 
lalp = 2x 1.988 52.6 
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The composition agreed with that of a thiomethyl methyl- 
hexoside. 


4.600 mg. substance: 7.220 mg. CO, and 2.930 mg. H,O 


9.150 “ _ : 59.505 “ BaSO, 

5.470 “ ” : 10.970 “ Agl 
C;H:.0;8. Calculated. C 42.82, H 7.19, 8 14.30, OCH; 27.65 
224.2 Found. “ 42.81, “ 7.13, “ 14.28, “ 26.48 


A portion of this material was hydrolyzed with 1.7 n hydro- 
chloric acid until the rotation became constant. The solution 
was not very strongly reducing and no osazone was formed on 
heating with either phenylhydrazine or p-bromophenylhydrazine. 
The non-crystalline mother liquors resulting from the isolation 
of the thiomethyl methylhexoside were combined, acetylated, and 
distilled under greatly reduced pressure. The syrup was deacety- 
lated and hydrolyzed with hydrochloric acid until the rotation 
became constant. The solution was slightly reducing but no 
osazone was obtained on heating with either phenylhydrazine or 
p-bromophenylhydrazine. 

















THE RELATION OF IRON AND COPPER TO THE 
CYTOCHROME AND OXIDASE CONTENT 
OF ANIMAL TISSUES* 


By EUGENE COHEN anp C. A. ELVEHJEM 


(From the Department of Agricultural Chemistry, University of Wisconsin, 
Madison) 


(Received for publication, July 16, 1934) 


Although much attention has been given to copper in animal 
metabolism during the past 6 years, little is known concerning the 
mechanism by which copper exerts its influence in hemoglobin 
synthesis. Elvehjem and Sherman (1) have shown that copper 
does not influence iron assimilation but it is indispensable for the 
transformation of the absorbed iron into blood hemoglobin. Cop- 
per has no direct effect upon the formation of the erythrocytes of 
the blood except through its influence on hemoglobin formation (2). 

Since extremely small quantities are required and its action is 
very rapid, we felt that it might exert its action through certain 
respiratory mechanisms. Inasmuch as cytochrome is composed 
of three hemochromogen-like compounds, we were interested in 
determining whether copper were equally as necessary in the 
formation of these compounds as in the formation of blood hem- 
oglobin. Elvehjem (3) has shown that the cytochrome of yeast 
may be increased by the addition of iron and copper to synthetic 
culture media extremely low in these elements. The addition of 
copper caused the production of cytochrome with a distinctly higher 
A component. 

The present investigation was undertaken to study the changes 
in the cytochrome content of the tissues of anemic rats and rats 


* A preliminary report of this work was presented before the Twenty- 
eighth annual meeting of the American Society of Biological Chemists at 
New York, March 29-31, 1934. 

Published with the permission of the Director of the Wisconsin Agricul- 
tural Experiment Station. 
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fed iron alone, copper alone, and both iron and copper. Additional 
studies were made on the indophenol oxidase and dehydrase sys- 
tems, since these systems play important réles in the oxidation and 
reduction of cytochrome. 


EXPERIMENTAL 


Cytochrome—The apparatus used in this investigation consisted 
of a Leitz microspectroscope! with an intense source of light, a 50 
candle power, 8 volt bulb, placed directly in the field of vision and 
focused upon the tissue by a single lens. 

Since reduced cytochrome possesses the characteristic absorp- 
tion bands, the tissue examined was reduced with sodium hydro- 
sulfite. Untreated tissue from anemic rats usually became re- 
duced by merely being placed between the glass slides used in 
examining the tissue. When the spectrum of hemoglobin inter- 
fered with that of cytochrome, the tissue was treated with cyanide 
which poisoned the indophenol oxidase and thus inhibited the oxi- 
dation of the A and C components of cytochrome. The tissue 
was then treated with potassium ferricyanide, which oxidized 
hemoglobin to methemoglobin but did not interfere with the ob- 
servation of cytochrome. Treating the tissue with carbon monox- 
ide or cyanide was found to intensify the A band and this treat- 
ment was frequently employed to determine the presence of traces 
of the A component. 

Heart, brain, and liver tissues from cows and stock rats were 
examined and found to contain the four cytochrome bands. How- 
ever, in the medulla of adrenal glands from cows, the C component 
was present in a very high concentration; the A and B components 
were absent. The C component was very low in the cortex of the 
adrenal glands and there were traces of the A and B components. 
The medulla of the adrenal gland is the only tissue present in the 
normal animal body, as far as our investigation shows, which 
possesses an unusual cytochrome spectrum. The presence of the 
readily oxidizable adrenalin and of vitamin C might possibly ac- 
count for this difference. In studying the cytochrome spectrum 
in the heart tissue of anemic rats fed milk alone, the A component 
of cytochrome was found to be absent or greatly reduced in in- 

1 We are indebted to Dr. A. L. Tatum of the Department of Pharma- 
cology for the use of the microspectroscope. 
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tensity; the B and C components were slightly reduced. The 
anemic rat was therefore a good experimental animal for the study 
of possible changes in the composition of the cytochrome by the 
addition of copper and iron to the milk diet. 

Rats, made severely anemic according to the method of El- 
vehjem and Kemmerer (4), were placed on milk diets supplemented 
with copper alone, iron alone, and iron plus copper. After being 
on the diets for a varying number of days, the animals were de- 
capitated and the desired tissue was removed quickly. The 
cytochrome of the heart, liver, and brain tissues was then ex- 


TaBLE I 
Effect of Iron and Copper on Cytochrome in Heart Tissue 








Rat No. Diet Time on | Blood Hb | Cytochrome 
Young Suckling 2 days A, B,C 
= Stock 5 wks. ". 29 
Female - 8 mos. - 2 
1630 Milk 19 days 2.2 oe 
1574 0.5 mg. Fe + 0.05 mg. Cu 6 wks. a ix” 
1720 “e+e 11 days 3.0 cae 
1723 6 * * HO *: a 11.3 pbs 
1724 as *.." £63 gle, um. * 11.6 Fa ts 
2092 2 oe is 3.5 ee 
2090 0.1 “ Cu . 3.0 ie Mice 
2094 2 “ Fe + 0.1 mg. Cu ee 11.5 wae 
2070 1 “ Cu oe = se 1a * 
2071 + i pi & 2.0 a 
2072 4 “ “ 41mg. Cu &..* Se 1 A? 

















amined. A few typical results obtained with heart tissue are 
given in Table I. 

A complete cytochrome spectrum was observed in rats of all 
ages as long as they were on the stock ration. We have examined 
the heart tissue from over 100 anemic rats and have found the A 
component absent in all but a very few animals. In these animals 
only a slight band could be detected, and upon checking back we 
found that these animals might have received copper through 
contamination. Traces of the A band could be detected in some 
of the anemic animals by the use of CO, which indicates that the 
A band is actually reduced rather than shifted in position. No 
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additional bands were observed in the presence of CO. This ob- 
servation is rather significant in the light of the suggestion recently 
made by Warburg and Negelein (5) that the oxidase spectrum can 
be observed in certain rapidly respiring tissues in the presence of 
CO. Keilin (6) attributes Warburg’s spectroscopic observation 
of his “respiratory enzyme” to a derivative of cytochrome, prob- 
ably the A component. 

A normal cytochrome spectrum was observed in the heart from 
an anemic rat treated with iron and copper for 6 weeks and show- 
ing a normal hemoglobin content of the blood. The feeding of 
iron plus low levels of copper failed to produce an A band in 11 
days; however, with 0.1 mg. of Cu per day the A band appeared 
in this period of time. The addition of iron alone had no effect, 
but if 0.1 mg. of copper was fed daily, the A band appeared in 9 
days. The A band appeared in rats fed copper alone a few days 
earlier than in rats fed both iron and copper. 1 mg. of copper fed 
alone produced an A band in 3 or 4 days time. 

The B and C components were slightly reduced in the copper- 
fed rats, as well as in rats fed iron for a prolonged period. In the 
iron-fed rats we often observed a slight increase in the B and C 
bands during the first few days and then a decrease as the period 
was prolonged. This indicates that both iron and copper are 
necessary for optimum amounts of these components. This does 
not mean that iron is not also necessary for the A component, but 
in the presence of added copper the small amount of iron can be 
obtained from within the body. Of course, it is also possible that 
the A component does not disappear entirely during anemia 
but undergoes sufficient change to prevent its detection spec- 
troscopically. 

The changes in the liver and brain tissue were very similar to 
those observed for the heart, except that the extent of the changes 
in the brain was somewhat less. 

It was important to investigate whether the changes in the com- 
position in cytochrome were due to copper exerting its effect 
directly on cytochrome itself or possibly indirectly through indo- 
phenol oxidase which functions in oxidizing cytochrome. 

Indophenol Oxidase—The indophenol oxidase was investigated 
in anemic rats placed on milk diets alone and milk diets supple- 
mented with copper alone, iron alone, and iron plus copper to see 
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whether there were any change in the oxidase content during these 
dietary regimens. 

“Nadi” reagent (7) forms a blue-colored indophenol when treated 
with animal tissue, the intensity of the color being dependent on 
the concentration of the indophenol oxidase present in the tissue. 
This test is complicated by the fact that reducing substances pres- 
ent in tissue can reversibly reduce the blue-colored indophenol to 
a colorless compound. Keilin (7) has shown that the reducing 
substances which inhibited the oxidase test of yeast could be de- 
stroyed by heating the yeast suspension at 52° for 1} hours. How- 
ever, he did not investigate the heat treatment of animal tissue. 
We found that if animal tissue was heated at 52° for 14 hours very 
poor oxidase tests resulted. Undoubtedly the oxidase in animal 
tissues is more labile than in yeast or bacteria. Heating at 46° 
for 15 minutes proved most satisfactory for decreasing the inter- 
fering action of the dehydrases in animal tissue without injuring 
the oxidase. This was shown by an increase in the oxidase test 
after such heat treatment. The oxidase suspension was prepared 
by grinding about 1 gm. of liver tissue with a little purified sand 
and suspending in 25 cc. of solution. The solution used in the 
suspension of the tissue is an important factor in the oxidase test. 
Tissue suspended in Ringer’s solution gave similar results to an 
aqueous tissue suspension with the exception that when these sus- 
pensions were not heated to 46° a weaker oxidase test was usually 
obtained in the former suspension. Heat treatment resulted in 
equal oxidase tests in both suspensions. On the other hand, both 
the unheated and heated tissue suspended in Ringer-phosphate 
buffer (m/30 NaH,PO,, pH 7.3) gave a very poor oxidase test. 
A few typical results are given in Table IT. 

Table III gives the results for some of the oxidase tests. Aque- 
ous tissue suspensions were used and these results were frequently 
confirmed by using tissue suspended in Ringer’s solution. The 
degree of color formation was observed after $ hour. The oxidase 
tests were very feeble for the liver tissue of anemic rats fed milk 
alone and milk supplemented with iron alone. A weak oxidase 
test was still obtained after feeding a high level of iron, as shown 
by Rat 1832. Stock rats and anemic rats placed on milk diets 
supplemented with copper alone and copper plus iron gave very 
good oxidase tests. It should be especially noted that the oxidase 
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test is independent of the amount of hemoglobin but is directly 
dependent upon the level of copper fed. When the amount of 
copper fed daily was very low (Rat 1722), sufficient, however, to 


TaBLeE II 
Effect of Suspension Medium on Indophenol Oxidase Test in Animal Tissue 









































Oxidase test 
Gunpeusign Rasted at 46° 
Rat No. Diet on Blood 
- : +. | Ringer- 
HO | Solution | Phoe- 
Stock | Stock 14.6 |++4+4+/4++4+4+] + 
3210 | 0.5 mg. Cu 7 2.0 ++++4+/ ++ 
3206 | 0.5 “ Fe + 0.5 mg. Cu 6 7.2 +++] + 
Tas.e III 
Effect of Iron and Copper on Indophenol Oxidase Content of Liver 
Tissue 
Days Oxidase i 
Rat No. Diet 2 Btood of 
y 20° 46° B.- 
Stock | Stock 14.5 oo ++++|) + 
1630 | Milk 19 | 2.2 os + - 
2620 | 1 mg. Cu 12} 3.0 |++++/++++|] + 
2621 1 “ Fe 12; 2.6 0 0 - 
2622; 1 “ “ +1 mg. Cu 12 | 11.2 |++++/++++| + 
2623 | Milk 12} 2.3 aa + ~~ 
2850 | 0.5 mg. Cu 15| 2.5) +++ |\+4+4+4+/ + 
2851 | 0.5 “ Fe 15} 2.9 0 + _ 
2852; 0.5 “ “ + 0.5mg. Cu 15) 7.4) ++ | +4+] + 
1830 | 1 “ Cu 8} 2.8) +++ | +++] + 
1832] 4 “ Fe 8| 28) + + ne 
1935| 4 “ “ +1 mg. Cu] 8/112| + [+444] + 
1720| 0.5 “ “ 40.001“ “ | 11} 3.0) ++ + pe 
1722 0.5 “* “ 4 0.005 “ “ 11 6.3 + + - 
17244, 05“ “ 40.1 “ “/u}i6| + |++++] + 























produce a hemoglobin response, the oxidase test was still weak. 
The fact that a good oxidase test was obtained only in rats possess- 
ing an A component of cytochrome is indicative of a close relation- 
ship existing between the oxidase and the A component. That 
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the good oxidase tests obtained for the liver tissue suspensions of 
rats fed copper were not due to metallic contamination was shown 
by heating these suspensions to 65° for 4 hour. This procedure 
destroyed the ability of the suspension to give an oxidase test with 
the nadi reagent, which shows that the tests obtained at 20° and 
46° were due to the heat-labile oxidase. The presence of an active 
reducing system was especially indicated in the liver tissue suspen- 
sions of anemic rats fed milk alone or milk plus iron alone by the 
decolorization which took place at the bottom of the test-tube as 
opposed to the colored indophenol formation on the upper part 
of the oxidase suspension. Heating these suspensions at 46° was 
not completely effective in removing this inhibiting action. 

Dehydrases—The liver tissue from many of the rats examined 
for cytochrome and oxidase was also studied for reducing ability 
by the Thunberg method. The test essentially consisted in evacu- 
ating a modified Thunberg tube containing 1 cc. of buffer, 1 cc. of 
methylene blue (1:5000), and 1 ce. of tissue suspension which was 
prepared in the same manner as for the oxidase test, and then not- 
ing the time necessary for 80 per cent reduction of the methylene 
blue. The reducing power of tissues was determined without a 
substrate as well as with such substrates as glucose, sodium for- 
mate, sodium lactate, and sodium succinate. Although we have 
accumulated many data on dehydrase activity, we do not wish 
to present results in detail at this time. The reducing power of 
tissues is so complex that until further studies are made on normal 
tissues it is difficult to study anemic tissue in which many more 
factors enter into the determination. However, we may say in 
general that a very active reducing system was present in the liver 
tissue of anemic rats fed milk alone and milk supplemented with 
iron alone. The reduction of methylene blue was slow for the 
liver tissue of rats fed copper alone and copper plus iron. At 
present we are unable to state whether this was caused by an 
accumulation of reducing substances due to a decreased cyto- 
chrome-oxidase system or a greater activity on the part of certain 
dehydrases. 


DISCUSSION 


The results reported in this paper concerning the action of iron 
and copper on the cytochrome in animal tissues are in complete 
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agreement with those obtained in the case of yeast (3). The fact 
that the A component of cytochrome is decreased during anemia 
and can be intensified by the addition of copper alone clearly 
demonstrates that copper is associated with other hematin com- 
pounds than blood hemoglobin. The decrease in the B and C 
components after prolonged iron feeding and the increase observed 
after copper additions were made indicate that copper may func- 
tion in the formation of all the cytochrome. A still greater reduc- 
tion in the copper present in the body of the rat may show a com- 
plete disappearance of the B and C components as well as A. 

The greater copper requirement for A cytochrome formation 
than for slow hemoglobin regeneration raises an important prac- 
tical question. In the treatment of certain anemias the hemo- 
globin may show a fair response without allowing a regeneration 
of the normal respiratory processes. 

The close correlation between copper and oxidase activity sug- 
gests that copper is very essential in maintaining normal activity 
of this enzyme. At the present time it is difficult to determine 
whether a reduced oxidase activity is the cause of the changes in 
the cytochrome or changes in the cytochrome affect the action of 
oxidase. In either case the changes in cytochrome A concentra- 
tion are closely correlated with oxidase activity. It is also impos- 
sible to determine whether the changes which we have observed in 
cytochrome and oxidase are sufficient to account for the animal’s 
inability to form hemoglobin. However, it is entirely possible that 
copper is concerned with the normal functioning of general body 
activities and that its most easily detected effect is the change in 
the blood hemoglobin. 


SUMMARY 


1. The three components of cytochrome were found to be pres- 
ent in heart, liver, and brain tissue from normal cows and normal 
rats. 

2. The medulla of the adrenal gland of a cow possessed a pe- 
culiar cytochrome spectrum. A very strong C component was 
present; the A and B components were absent. In the cortex of 
the adrenal gland three weak cytochrome components were de- 
tected. 

3. In anemic rats fed milk alone the A component was absent 
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or greatly reduced in heart tissue and liver tissue; the B and C 
components were slightly reduced. 

4. Supplementing the milk diets with copper alone or copper 
plus iron greatly intensified the A component. Under severe ex- 
perimental conditions, feeding copper plus iron was necessary to 
increase the B and C components. 

5. Heating liver tissue suspensions at 46° for 15 minutes usually 
increased the test foroxidase; heating above this temperature de- 
stroyed the test for oxidase in all cases. 

6. In anemic rats fed milk alone the amount of oxidase in the 
liver tissue as determined by the nadi reagent was greatly reduced. 

7. Feeding anemic rats milk plus copper alone or copper plus 
iron markedly increased the oxidase test; iron alone had no effect 
on this test. 

8. The fact that heating tissue suspension at 65° for 4 hour de- 
stroyed the test for oxidase in copper-fed rats showed that the 
test for oxidase was not influenced by oxidation of the reagent due 
to traces of metallic copper. 
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INTRODUCTION 


Evidence for the presence in whole liver of two nutritional fac- 
tors heretofore unrecognized as essential for chick nutrition was 
presented in a previous report from this laboratory (1). It was 
shown that in order to obtain normal growth in chicks on a syn- 
thetic ration, a water-extracted liver residue was necessary in ad- 
dition to a water-soluble vitamin B, preparation from liver. Fur- 
ther study of the water-insoluble growth factor is presented here. 

In several instances the literature contains evidence that whole 
liver is beneficial for growth stimulation. The reports of Osborne 
and Mendel (2), Hitchcock (3), Smith (4), and Daggs (5) 
suggest that liver feeding is specific for increasing the rate of 
growth in experimental animals. In 1929, Coward, Key, and 
Morgan (6) published evidence for the existence of a previously 
unrecognized dietary factor. The substance was shown to be 
present in wheat embryo and liver, and its necessity for normal 
growth of the rat was demonstrated. 

More recently, Mapson (7), Seegers and Smith (8), Hogan and 
Boucher (9), and others have found a remarkable stimulation of 
growth in rats and chicks upon the use of liver or fractions of 
liver. The factor physin described by Mapson was found to in- 
crease markedly the rate of growth of rats receiving a synthetic 
diet containing all the known dietary essentials. This stimulating 
effect was found to be transmitted to the young by lactating 
mothers receiving fresh liver daily. Seegers and Smith (8) were 
able to remove from liver by hot extraction with 95 per cent ethyl 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
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alcohol a growth principle for rats. Hogan and Boucher (9) have 
described a growth stimulation obtained in chicks when acid- 
hydrolyzed yeast was added to diets complete according to pres- 
ent day knowledge. 


EXPERIMENTAL 


For studies on the growth factor day-old white Leghorn chicks 
with an initial weight of 30 to 35 gm. were obtained from the Uni- 
versity Poultry Department. They were divided into groups of 
ten and placed in pens equipped with wire screen bottoms and 
suitable warmers. The birds were weighed weekly, and the 
weights for each group averaged and recorded. 

The rations used were made up weekly, thus insuring a minimum 
loss of any nutritional factors that are labile in a slightly alkaline 
medium at room temperature. The basal ration used was a nat- 
ural grain ration, upon which growth in white Leghorn chicks may 
be obtained, comparable with that required by the normal growth 
curve for this strain, furnished us by the University Poultry 
Department. Basal Ration 351 has the following composition: 
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This ration with various modifications or heat treatments has 
been used in studies of vitamins A, D, B,, Be, and B, and is one 
with which we have had considerable experience. White Leghorn 
chicks receiving Ration 351 normally have an average weight of 
350 gm., when 6 weeks of age. 

The liver preparations used as sources of the growth factor were 
generously supplied us by Dr. David Klein of The Wilson Labora- 
tories. The liver residue is a water-insoluble substance obtained 
in the commercial preparation of the factor effective in pernicious 
anemia. 10 per cent of this liver residue is equivalent to 12 per 
cent of whole dried liver. 

In Table I is reported the average weight at 6 weeks of age for 
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basal groups from eleven separate experiments. An average 
weight of 334 gm. for 110 chicks is recorded. Compared with this 
is the average weight of 80 chicks (eight groups) that received the 
basal ration supplemented with 10 per cent of liver residue. The 
average weight of 455 gm. is an increase in weight of 121 gm., or 
more than 36 per cent in the first 6 weeks of the chick’s life. Both 
individual animal and individual group variations from the aver- 
age figure of 455 gm. are small. 

The same performance has been obtained with an equivalent 
amount of whole liver. A level of 10 per cent of the liver residue 
in the ration is optimum. Increasing the levels of this supple- 
ment from 0 to 10 per cent gave a comparable increase in the rate 
of growth of chicks in these groups. Records on equalized feeding 


TaBLeE I 
Growth Increase Due to Liver Residue 





Average Increase over 














No. of chicks Supplement weight at weight on 
6 wks. basal ration 
gm. gm. 
110 Basal Ration 351 only 334 
80 10% extracted liver residue 455 121 
10 5% = wy -y 401 67 
10 2.5% ” = = 354 20 





with and without the 10 per cent liver residue gave growth incre- 
ments that were practically alike. This merely means that the 
group receiving the liver residue, but a limited food intake, did 
not have sufficient nutrients for maximum growth. 

In Table II are listed data showing the growth effect of other 
supplements to the basal ration. Upon assay with chicks, the 
liver residue used in these experiments was found to have a vita- 
min B, potency equivalent to that of our standard autoclaved 
yeast. 

To refute the argument that the cause of accelerated growth 
obtained upon liver residue feeding is the amount of vitamin B, 
added to a ration made up principally of grains not high in this vita- 
min, 10 per cent of Yeast I was used as a supplement to the basal 
ration. This addition gave an average increase in growth over the 
basal ration of 10 gm. The use of 6 per cent autoclaved Yeast II 
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gave a similar increase of 1l gm. When compared to an average 
increase of 121 gm. obtained with liver residue, these figures are 
not significant. Yeast III, on the other hand, was found to con- 
tain the growth-stimulating substance to a marked degree. The 
increase in growth obtained upon feeding 6 per cent of this yeast, 
either autoclaved or untreated, was from 84 to 100 gm. These 
results serve as further evidence of the possible difference in vari- 
ous strains of yeast as sources of the nutritional factors required 
in animal growth. That the growth stimulation obtained with 
10 per cent of liver residue in the basal diet is not due to any con- 
stituent present in casein was demonstrated by feeding an equiva- 


TaBLe II 
Growth Effects of Various Supplements to Ration 351 


_ Ten chicks were used in each experiment. 











Increase over 

Supplement weight on basal 

ration at 6 wks. 
gm. 
10% Yeast I.. e Wia asses We na/Giee ok ead Oe aie 10 
6% autoclaved Yeast II.. és tw cd bee aleleaaaene bak 11 
6% Yeast III.. ag MOG SER x ele dean 84 
6% autoclaved Yeast III.. ‘eae wchumetenaan ewes 100 
10% crude casein. . , daft sah seas a erasers ae 8 
Ash of 10% extracted liver wesides. neh ae own eas awaken 12 
0.12% l-cystine.. bine Sak ae ake aeak eae wide hie 0 








lent level of crude casein. This supplement had no positive ef- 
fect. Results obtained upon feeding the ash of the liver residue 
indicate that the growth factor is organic in nature. Jones (10) 
has recently demonstrated a loss of cystine from purified casein 
after repeated solution in alkali and subsequent acid precipitation. 
It was suggested that the increase in growth of rats obtained by 
Mapson upon addition of physin to the diet was due to addition 
of cystine to diets deficient in that amino acid. To demonstrate 
that cystine was not a limiting factor in our basal diet, added 
l-cystine was fed to chicks at a level of 0.12 per cent or as 1 per cent 
of the casein in the diet. No stimulation of growth was obtained. 

In Table III is reported a study of the stability of the growth 
factor to various heat treatments. It was found that when liver 
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residue is autoclaved for 5 hours at 15 pounds pressure there was 
no destruction of the growth factor. Subjecting this substance 
to the same conditions of temperature and pressure for 10 hours 
likewise had no destructive effect. Under these conditions of 
heating under pressure in a moist medium, vitamins B, and B, 
are known to be destroyed. When heated in a dry oven for 6 days 
at 120°, 10 per cent of the liver residue effected a growth increase 
of 94 gm. Such a heat treatment will destroy vitamin B,. In 
all these cases the liver residue was heated at its natural pH. The 
stability of the growth factor is in marked contrast to the heat 
stability of the factors of the vitamin B complex. 

By changing the reaction of the liver residue to pH 9.0, the heat 
stability of the growth factor was affected. In such an alkaline 


TaBie III 
Stability of Growth Factor in Liver Residue to Various Heat Treatments 














Increase over 
No. of chicks Treatment of liver residue mM at 
6 wks. 
gm. 
30 10% liver residue autoclaved 5 hrs. 87 
20 10% “ “ “ 10 “ 120 
10 10% “ “heated at 120° 144 hrs. 93 
30 10% “ “ autoclaved 5 hrs. at pH 9.0 4 





reaction autoclaving for 5 hours completely destroyed the growth- 
promoting properties of the liver residue. 

A study of the solubility of the growth-promoting substance in 
various solvents is presented in Table IV. When the water ex- 
tract of 12 per cent whole liver was used to supplement the basal 
ration, there was no effect upon the rate of growth. Likewise, the 
ether extract of the liver residue was ineffective. In addition the 
residue from this ether extraction gave a growth response equiva- 
lent to the original liver residue. Ethyl alcohol of 80, 90, or 95 
per cent concentration was not effective in removing the growth 
factor from the liver residue. Feeding the residue from the 95 
per cent alcohol extraction gave further evidence for its insolu- 
bility in this solvent. To test the possibility of liberating the 
growth factor by hydrolysis and subsequent extraction, the liver 
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residue was subjected to autoclaving for 5 hours at 120°, both at 
its natural reaction and at pH 4.4. There was evidence, as shown 
in Table IV, that some of the growth-promoting substance was 


water-soluble after this treatment. 


TaBLe IV 
Solubility of Growth Factor 
Ten chicks were used in each experiment. 





Increase over 

















Supplement weight on basal 
ration at 6 wks. 
‘ gm. 
Water extract of 12% whole liver........................ S 
Ether " a oe iam spmepmeamedepnaauabaliaaa 30 
10% ether-extracted “ - 114 
80% alcohol extract of 10% liver residue. 25 
90% “ “ “ 10% “ “ 0 
95% “ “ “ 10% “ “ 20 
Residue from 95% alcohol extraction . ‘ 91 
Water extract of autoclaved liver sesidus (natunel PH).. 35 
“ “ “ “ “ “ (pH 4. 4).. 44 
TABLE V 
Solubility of Growth Factor after Hydrolysis 
—— - F 
N ’ f over we! 
chicks Supplement CL. P 
wks. 
gm. 
Filtrate from pepsin digest of 20% liver residue 
10 Pptd. with 60% ethyl aleohol 49 
10 “ “ 90% “ 19 
Filtrate from 
20 Alkaline hydrolysis of 10% liver residue 0 
20 Tryptic digest of 20% liver residue 21 
10 36% H.SO, hydrolysis of 20% liver residue 54 
10 10% “ “ “ 20% “ “ 34 
10 2.5% “ “ “ 20% “- “ 14 
10 Butyl alcohol extract of 2.5% H.SO, hydrolysis of 
20% liver residue 54 











In Table V are data pertaining to a study of solubility of the 
growth factor after hydrolysis. The liver residue was subjected 
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to a pepsin-HCl digest for 6 days. The proper acid reaction was 
carefully maintained throughout the digestion. After filtration 
of the digest, aliquots of the filtrate were precipitated with 60 per 
cent and 90 per cent concentrations of ethyl alcohol. Upon feed- 
ing the soluble fractions, it was found that slightly less than half 
the growth factor potency remained after precipitation with 60 
per cent alcohol, while in 90 per cent alcohol concentration the 
substance was more nearly insoluble. Hydrolysis of the liver resi- 
due at pH 10.0 failed to yield a soluble fraction containing the 
growth factor. The filtrate from a tryptic digestion of the liver 
residue was shown to contain the growth factor to only a slight 
degree. Hydrolysis of the liver residue with H,SO, gave a soluble 
fraction with an apparent growth factor potency roughly correspond- 
ing to the strength of acid used. That lack of palatability of these 
preparations may have clouded the results obtained is indicated 
by the removal of a considerable quantity of the growth factor 
from a weak H,SO, hydrolysis mixture by n-butyl aleohol. Much 
of the solid content of the acid mixture was insoluble in butyl 
alcohol, allowing considerable purification. 

Data presented here indicate that successful solution of the 
growth factor has not been attained, and that further chemical 
study of this substance depends upon success in this direction. 

Indispensability of Growth Factor for Chicks on Synthetic Diets— 
To demonstrate the indispensability of a nutritional factor it is 
necessary to use a diet lacking in the factor under question, but 
complete in all other respects. An attempt has been made to 
formulate a synthetic diet meeting these requirements. The ra- 
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This diet, as has been previously described (1), is deficient in two 
factors, both furnished by whole liver or green plant tissue. Upon 
this basal diet growth of chicks is slight, and a chronic type of 
paralysis develops due to a deficiency of vitamin By. When the 
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antiparalytic factor, vitamin B,, is supplied, paralysis is prevented 
to a large extent but increase in growth does not occur. A water- 
extracted liver residue, added to the basal synthetic diet, used as a 
source of the growth factor, allows rapid growth until the onset of 
vitamin B, deficiency, when the birds develop severe paralysis and 
die quickly. The addition of both the growth factor and vitamin 
B,, either as concentrates, or in the form of whole liver, allows nor- 
mal growth and freedom from the paralytic symptoms. 
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Cuart I. Effect of the growth factor in synthetic diets. The figures 
in parentheses indicate the number of individual records from which each 
curve is made up. 


The growth curves in Chart I illustrate these data. The figures 
in parentheses indicate the number of individual records from 
which each curve is derived. The growth of chicks on the syn- 
thetic diet was slow and gradual, particularly in the 1st to the 
3rd week. Paralysis occurred on this ration during the 3rd and 
4th weeks and the growth of the birds was almost completely 
inhibited. 
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The growth curve for those animals receiving the synthetic diet 
fortified with a source of the antiparalytic factor is very similar to 
that of the basal group during the first 3 weeks. Paralysis did 
not occur in the majority of the birds, and growth continued at a 
slow rate throughout the 6 week period. The cases of paralysis 
which did develop on this diet were no doubt due to the limited 
food intake of those birds which grew slowly. 

The synthetic diet supplemented with a source of the growth 
factor allowed nearly normal growth, as indicated by the curve in 
Chart I. The animals on this diet appeared normal in every 
respect until the onset of paralysis at the end of the 3rd week. 
Where the rate of growth was normal the development of paralysis 
was rapid and the animal succumbed very quickly. But few of 
the birds lived longer than 4 weeks. 

The growth of animals which received the basal diet supple- 
mented with extracted liver residue as a source of the growth fac- 
tor and a purified water extract of whole liver to furnish the anti- 
paralytic factor is illustrated in Chart I. The rate of growth of 
birds on this diet is well beyond that for animals on the basal diet, 
and somewhat comparable to a normal performance, exhibited by 
those animals receiving the basal diet plus 18 per cent whole liver. 
This shows that the growth factor is indispensable for normal me- 
tabolism, and that in its absence there is practically complete 
cessation of weight increment. 

These data are offered as evidence for the essential nature of a 
growth-promoting substance present in liver. This factor is in- 
soluble in ether, insoluble in water, and only slightly soluble in 
high concentrations of ethyl alcohol. The factor is stable to the 
autoclaving temperature for. 10 hours and to a temperature of 120° 
for 144 hours. There are preliminary indications that mild acid 
hydrolysis renders the factor extractable with butyl aleohol. The 
problem of isolation and characterization of the growth factor de- 
mands further attention. 


DISCUSSION 


The term “growth factor” is inadequate and perhaps undesir- 
able, when applied to the essential factor we have shown to be 
present in liver residue. It has not been possible, thus far, to 
determine any pathological effect by removing the described sub- 
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stance from the diet. It is probably true that no one nutritional 
factor is specific for growth of the animal, but that normal growth 
depends upon the presence of all the essential nutritional factors 
in the diet. Formulation of a synthetic diet free of the growth 
factor, but complete in all other respects, awaits a practical method 
of supplying vitamin B, in pure form. 

Efforts to obtain solutions containing the growth factor have 
been only partially successful. It is difficult to determine, by the 
method we have used, whether or not small amounts of the growth 
substance have gone into the soluble fraction. Hydrolysis of the 
liver residue with enzymes or sulfuric acid gave desirable results 
in some cases. Hogan and Boucher (9) have obtained with acid- 
hydrolyzed yeast an extra growth effect in chicks. These results 
may indicate the existence of some essential substance, made 
water-sol@ble after mild hydrolysis, but destroyed upon strong al- 
kaline hydrolysis. Solubility of the growth factor in n-butyl 
alcohol, after mild hydrolysis, points to a similarity of this sub- 
stance to certain amino acid fractions. 

Hogan has found that an acid-hydrolyzed yeast preparation, 
when added to a purified diet for chicks, gave excellent growth, 
which was not obtained in its absence. Physin, the growth-pro- 
moting principle described by Mapson (7), is present in liver. 
Mapson has found that in the absence of this principle rats de- 
velop sparse, greasy coats, look emaciated, and show an absence 
of fat from the body. Physin has been obtained in soluble form 
from liver after autolysis, or after papain digestion. Numerous 
points of similarity between physin and the dietary principle de- 
scribed by Coward, Key, and Morgan (6) are pointed out by Map- 
son. Presence in liver, insolubility before hydrolysis, liberation 
by enzymes, and stability to long heating are properties of physin 
and the Coward factor, which point to their identity with the 
growth substance we have described as essential for chicks. 

Carter, Kinnersley, and Peters (11) have designated an alkali- 
and heat-stable, somewhat insoluble growth factor obtained from 
yeast, vitamin B;. This substance is necessary for nutrition 
and maintenance of pigeons. This factor and the factor of Hunt 
(12) also present in the insoluble residue of yeast and essential for 
normal rat growth show some similarity to our liver substance. 

Seegers and Smith (8) have been able to extract a growth factor, 
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necessary for rats, from fresh whole liver with 95 per cent ethyl 
alcohol. Our work has shown the growth factor to be relatively 
insoluble in 95 per cent alcohol. It is possible that a smaller re- 
quirement of the rat for this substance as compared with the high 
levels needed by the chick in the method we have used may ex- 
plain why we have not been able to detect the active fraction in 
the alcohol extracts. 

That this growth factor present in the liver residue may be 
classified in the vitamin B complex is questionable, considering its 
marked insolubility and its stability to heat. 


SUMMARY 


1. A nutritional factor, essential for the normal growth of chicks 
on purified diets, has been described. This substance is also re- 
sponsible for an increased growth of chicks on natural grain rations, 
30 to 40 per cent in the first 6 weeks. The growth factor has been 
found abundantly present in 10 per cent of a water-extracted liver 
residue. 

2. The growth factor is stable at its natural pH to the auto- 
claving temperature for 10 hours, and to dry heating at 120° for 
6 days. It may be destroyed in the liver residue by autoclaving 
at pH 9 for 5 hours, 15 pounds pressure. 

3. The growth factor in liver is insoluble in water until after the 
liver has been mildly hydrolyzed with acid. The growth substance 
is then somewhat soluble in n-butyl alcohol. 

4. The similarity of this substance essential for normal nutri- 
tion of the chick to growth substances reported by other workers 
is discussed. 
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The ease with which certain pathogenic bacteria grow in media 
composed of simple chemical substances, such as ammonium ci- 
trate and a few inorganic salts, presents the possibility of a de- 
tailed study of the chemical changes caused by these bacteria. 
Since many non-pathogenic organisms also are known to decom- 
pose such media, a comparison of their action with that of the 
pathogens can be made. From relatively simple salts, the bac- 
teria are able to synthesize all the complex materials which are 
necessary for their growth. As a result of bacterial action, the 
substrate is decomposed into smaller molecules, some of which 
can be isolated and identified. 

Some results of a study of the decomposition of citric acid by a 
laboratory strain of Bacillus aertrycke are reported here. This 
bacillus is a member of the paratyphoid Type B group, pathogens 
which have the special ability to grow well on a synthetic citrate 
medium (1). This medium is not readily contaminated, and is 
composed only of well knawn chemically pure substances. 

The course of the decomposition of citric acid by Bacillus aer- 
trycke was followed by the use of a convenient procedure for the 
determination of citrate which is described elsewhere (2). Ex- 
amination of the medium at various stages of the decomposition 
showed that formic and acetic acids were produced early in the 
process. 1 mole of citric acid through the action of the bacteria 
gave rise to 0.25 mole of formic acid, 1.5 moles of acetic acid, and 
nearly 0.75 mole of succinic acid, in addition to carbon dioxide. 
Study of the volatile acid fraction showed that under the condi- 
tions used, formic and acetic acids were the only volatile acids 
119 
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produced in appreciable amounts. This fraction was isolated by 
distillation in vacuo, a method which, with certain precautions, 
has proved both rapid and reasonably accurate. Succinic acid was 
then isolated from the residue by extraction with ether. 

The results of this study differ from those reported in the litera- 
ture concerning the action of other organisms on citric acid, first, 
in the demonstrated presence of formic acid; second, in the rapid 
production of relatively large amounts of succinic acid; third, in 
the somewhat diminished production of acetic acid; fourth, in the 
absence of demonstrable amounts of acetonedicarboxylic acid or 
acetone resulting from its decomposition; and fifth, in a compari- 
son of the products formed by the action of rough and smooth 
forms of the same organism, with the identification of lactic acid 
produced by the smooth form. 

Studies of the products of decomposition of citric acid by other 
organisms have been made by a number of workers. Terada (3) 
obtained a rather large yield of succinic acid by the prolonged 
action of an unclassified organism from the air. The action of 
Bacillus suipestifer on citrate in the presence of peptone has been 
studied by Brown, Duncan, and Henry (4) who identified acetic 
acid, carbon dioxide, and a trace of succinic acid as the products. 
Some of the volatile acid was formed from the peptone. Bosworth 
and Prucha (5) reported that the decomposition of citric acid in 
milk by Bacillus lactis aerogenes yields 2 moles of acetic acid for 1 
of citric acid. Butterworth and Walker (6) in studying the action 
of Bacillus pyocyaneus on citric acid found acetonedicarboxylic 
acid and acetone produced by its partial decomposition; malonic 
and acetic acids were then isolated and a trace of succinic acid was 
found. 

In the decomposition of citrate by Aspergillus niger, Walker, 
Subramaniam, and Challenger (7) have established a series of prod- 
ucts which likewise begins with acetonedicarboxylic acid. This 
is followed in turn by malonic, acetic, glycolic, glyoxylic, and 
finally oxalic acid. Nosuccinic acid was reported. Wieland and 
Sonderhoff (8) studied the anaerobic oxidation of citric acid by 
yeast. They found acetic acid and asmall amount of succinic acid, 
but were unable to show that hydrogen was a product of the de- 
composition, although they had reason to expect it. 
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EXPERIMENTAL 


Synthetic Bacteriological Culture Medium 


A medium similar to those suggested by Braun and Cahn- 
Bronner (9), Pesch (10), and Koser (1) has been prepared. Excel- 
lent growth was secured with several strains of Bacillus paratypho- 
sus B and Bacillus aertrycke in the medium, prepared from 
chemically pure salts, of the following composition. 


Diammonium citrate, anhydrous, gm.. 

Dipotassium phosphate, “ 

Sodium chloride, gm.. .. . WU Gedadah ob acts oo laerek 
Magnesium sulfate, hydrated, ¢ Obs 8 os Giddy dead otal heeds 
Ferric chloride 0.01 per cent, drops. Fos RNS ES MEL RTE IE 
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The medium was filtered and sterilized by autoclaving at 120° 
for half an hour. For the purposes of this study, it proved desir- 
able to subculture in the synthetic medium at least ten times in 
order to secure rapid and uniform growth from small inocula. 
Tubes of 50 ml. capacity containing 15 ml. of medium were ster- 
ilized and used for transfers, which were made with a 2 mm. plati- 
num loop. Incubation at 37° of a 100 ml. portion inoculated in 
the same way resulted in a heavy turbidity in 24 hours with disap- 
pearance of nearly all of the citrate. The medium became more 
alkaline. Growth was particularly heavy at the surface and took 
place best when the medium was exposed to the air in shallow 
layers. 

A bacteriological study of the stock culture after 233 transfers 
in the synthetic medium was secured through the kindness of Dr. 
Carl Ten Broeck. The organisms consisted of rough and smooth 
forms of Bacillus aertrycke. The former, which greatly predomi- 
nated, were motile and in part greatly elongated. The latter were 
short motile rods, more actively motile when transferred to broth. 
Both forms produced gas from glucose, the rough form acting much 
more rapidly. Both forms were agglutinated with specific immune 
serum in dilutions of 1: 12,000 for the smooth strain and 1: 50,000 
for the rough strain, in which there was a tendency to spontaneous 
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agglutination; this dilution was near the limit for the immune 
serum which was used. 

Methods and Apparatus—For chemical study 1 liter of solution 
in a 3 liter round bottomed sterile flask plugged loosely with cotton 
was inoculated with the platinum loop and incubated at 37° or 
in some cases at 34°. At intervals 100 ml. portions were with- 
drawn under sterile conditions for chemical examination. De- 
termination of residual citrate, together with formic, acetic, and 
succinic acids, was made. 

Duplicate determination of citrate in the sample required 2 ml. 
and was accomplished by the use of Denigés’ reaction (2). The re- 
maining 98 ml. were filtered through a Seitz filter with two 5 ml. 
washings, giving a water-clear filtrate. Volatile acidity was de- 
termined by adding 9 ml. of 20 per cent phosphoric acid and dis- 
tilling in a modified Claisen flask at a water pump vacuum of 
about 20mm. The distilling flask had a capacity of 250 ml. and 
was provided with a 20 cm. indented tubulation. When the resid- 
ual material had largely solidified, two 15 ml. portions of water 
were added and distilled separately to sweep over any residual 
volatile acid. The volume of the distillate was determined and 
25 ml. taken in duplicate for titration with standard sodium hy- 
droxide. The end-point was determined in boiled solution with 
phenolphthalein as indicator. Phosphate was uniformly absent, 
but variable amounts of hydrochloric acid, produced from the 
sodium chloride of the medium, were present. To the neutral- 
ized sample was therefore added 1 ml. of 10 per cent potassium 
chromate, chloride ion was titrated with 0.05 Nn silver nitrate, and 
the total acidity was corrected for the amount of hydrochloric acid 
thus determined. 

Formic acid was determined in 2 ml. of the distillate by adding 
2 ml. of the mercuric chloride-sodium acetate reagent of Franzen 
and Egger (11). The solution heated at 100° for 4 hours in a 
centrifuge tube deposited calomel, which was washed, dried, and 
weighed in the same vessel. 

The non-volatile residue from the distillation was transferred to 
a long 30 ml. test-tube by rinsing with three or four 5 ml. portions 
of hot water. Two short, dense plugs of absorbent cotton be- 
tween which a layer of anhydrous sodium sulfate was inserted 
were next placed at the mouth of the tube, well above the fluid, 
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and around the funnel tube used in ether extraction (12). The 
whole was then continuously extracted with ether for 24 to 36 
hours. The receiver was changed at the end of 5 hours in order to 
obtain some fractionation of the extract. 

The procedure was the outcome of study of many cultures. It 
was found necessary to remove the bacteria by filtration in order 
(a) to avoid excessive foaming which sometimes occurred during 
distillation in the presence of bacterial bodies, (b) to lessen the 
production of emulsions during ether extraction, and (c) to avoid 
the introduction of impurities extracted from the bacterial bodies. 
Since filtration was frequently slow, the effects of using the un- 
filtered culture were studied. There was no significant change 
either in the quality or quantity of the products. This was de- 
termined by dividing a 200 ml. culture into 2 equal parts, one of 
which was filtered, the other not. The amounts of acetic and 
formic acids from each were the same. The non-volatile residue 
from the filtered specimen gave a nearly clear water solution, but 
that from the unfiltered part upon addition of water left a wax- 
like material which weighed less than 0.01 gm., and was readily 
separated by filtration. The foaming which occasionally became 
serious during the distillation of this sample was controlled by the 
addition of a drop of octyl alcohol as often as necessary. Control 
tests showed that this did not alter the amount of either fraction. 

The formation of emulsions during ether extraction caused little 
difficulty with the extracting arrangement described. In spite of 
the absence of mechanical entrainment of phosphoric acid, after 
long extraction a detectable amount of phosphate was found in 
the residue. Since, when the decomposition of citrate is complete, 
the non-volatile fraction is all extracted in 5 hours, this difficulty 
has not in general been found serious. 

In order to show the reliability of the method of volatile acid 
determination, studies were made of the recovery of known mix- 
tures of the acids identified below when distilled with phosphoric 
acid. By the procedure described, 85 per cent of the volatile 
acid was recovered in one distillation, and with two washings at 
least 96 per cent was secured. The missing portion was largely 
acetic acid. 

Identification and determination of the products were made as 
follows: The presence of formic acid in the distillate was shown not 
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only by reduction of mercuric chloride to calomel in the reaction 
used for its determination, but also by the reduction of meth- 
ylene blue in the presence of sodium sulfite (13). Acetic acid was 
identified by the preparation of p-nitrobenzyl acetate, melting at 
76-79°, from the sodium salt of the distillate and p-nitrobenzyl 
bromide. A mixed melting point with an authentic sample (78- 
80°) showed no depression. By subtracting from the standard 
alkali consumed by the distillate the part due to hydrochloric and 
formic acids, the amount used by the remaining volatile acid was 
obtained. This was then calculated as acetic acid. 

The conclusions concerning the nature and amount of these vola- 
tile acids were confirmed by a Duclaux analysis carried out by the 
method of Virtanen and Pulkki (14). After 33 hours, a 100 ml. 
sample of culture was removed from 1 liter of medium inoculated 
with Subculture 153. The volatile acid distillate, including wash- 
ings, was 150ml. Of this, 50 ml. were used for determining titrat- 
able acidity, chloride, and formate. This analysis showed that 
the volatile acids present in 100 ml. were equivalent to 2.2 ml. of 
0.1 n HCl, 22.6 ml. of 0.1 n formic acid, and 86.0 ml. of 0.1 N 
acetic acid. By using the known semidistillation constants for 
the organic acids and neglecting the hydrochloric acid, the amount 
of 0.1 nN NaOH necessary to neutralize this distillate was calcu- 
lated to be 36.7 for 50 ml. The observed value was 37.2 ml. 

While less than 0.05 ml. of 0.05 n hydrochloric acid appeared in 
the distillate during semidistillation, the effect of this acid on the 
constants of the organic acids was unknown. Decreasing 
ionization would no doubt slightly increase the semidistillation 
constants. The constants for the particular apparatus used were 
not determined. The agreement between calculated and ob- 
served values is therefore considered to indicate, within the ex- 
perimental error, that no other volatile acid was present in signifi- 
cant amounts. 

The non-volatile residue from cultures grown under the con- 
ditions already described consisted of succinic acid in amounts 
varying for the most part between 0.1 and 0.3 per cent. The suc- 
cinic acid obtained on evaporation of the ether extracts was re- 
markably pure, showing a melting point of 180—-182° without fur- 
ther treatment. One crystallization from water sufficed to give 
an analytically pure sample melting at 187.5° (corrected). A titra- 
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tion equivalent of 59.8 was found (theory 59.0). The methyl 
ester, prepared by the action of a slight excess of diazomethane, 
melted at 20° and gave no depression with a known sample. 

The quantitative relation between the decomposition products 
of citric acid at various stages of the growth of the culture is shown 
in Table I. 

In many experiments, the amount of acetic acid was slightly 
higher than in this case, and the amount of succinic acid between 
1 and 2 millimoles, with not much variation of the quantity of 
formic acid. Carbon dioxide was present whenever tests for it 
were made. It was identified by the formation of barium car- 
bonate from the CO,-free air used in aerating some of the cultures. 

The distribution of carbon among the various decomposition 
products of citric acid was studied with both the rough and the 








TaB_e | 
Products Formed during Growth of Bacillus aertrycke on Citric Acid 
Incubation time Citric acid Acetic acid Formic acid Succinic acid 
hrs. mM mM mM mM 
0 4.43 0 0 0 
19 3.32 1.6 0.35 
33 0 6.95 1.02 3.06 











pure smooth strains of Bacillus aertrycke isolated from the labora- 
tory strain previously described, after 233 transfers on synthetic 
citrate medium. Table II shows the carbon distribution found in 
100 ml. cultures incubated at 37° after inoculation from a suspen- 
sion of these forms. The carbon dioxide was absorbed in stand- 
ard barium hydroxide by aerating, acidifying, and further aerating 
with carbon dioxide-free air until no more barium carbonate was 
precipitated. The amount of bacterial bodies was estimated by 
filtering 10 ml. of the acidified culture through a weighed plati- 
num Munroe crucible, which removed most of the turbidity. 
After washing thoroughly and drying at 100° in vacuo for 5 hours, 
the difference in weight multiplied by 10 was taken to be that of 
the bacterial bodies, for which a carbon content of 50 per cent was 
assumed. 

The carbon balance for the rough form of the organism shows the 
distribution of 95 per cent of the carbon initially introduced. In 








126 Decomposition of Citric Acid 


addition, 1 per cent was used for the determination of citric acid; 
96 per cent is thus accounted for. For the smooth form 92 per 
cent of the initial carbon is accounted for in the products, and an 
additional 1 per cent was used for the citric acid estimation. The 
chief sources of error appear to lie in the determination of the 
weight of the bacterial bodies and perhaps in the incomplete ex- 
traction of the non-volatile acid fraction. Lactic acid was identi- 
fied regularly in smooth cultures, but not in rough cultures or in 
the ordinary Bacillus aertrycke culture under the conditions used. 


TasBLe II 
Carbon Distribution in Synthetic Citrate Medium after Incubation with 
Rough and Smooth Forms of Bacillus aertrycke 

















Rough form (1 loop inoculum) | Smooth form (0.5 ml. inoculum) 

Substance found Amount after | Carbon after | Amount after | Carbon after 

O hrs. | 40hrs.| Obrs | 40 brs.| Ohrs. | 17 hrs.| Obrs. | 17 hrs. 

mg. mg. mg. mg. mg. mg. mg. mg. 

Acids 

Carbonic (CO,)... 0| 376 0 | 102.4 0}; 252 0} 68.6 
RE ceded a-ak 0 23 0 6.0 0 75 0 19.4 
I ee 0 199 0 79.5 0; 372 0 | 148.0 
Succinic.......... 0} 130 0} 53.0 0 65 0} 26.5 
PN. dows whaees 0 0 0 0 0 35 0 14.3 

a 110 | 319 42.0) 850 0; 319 0 
PIE, 6 ns enaeaein 0 40 0}; 20.0 0 30 0} 15.0 
ME. Ae ae ees 319 | 302.9 319 | 291.8 





























Identification was made by the thiophene reaction and was sub- 
stantiated by the guaiacol, codeine, and acetaldehyde tests (15). 

A comparison of the rough and smooth strains through a number 
of experiments showed that the rough type regularly had a denser, 
more rapid growth; produced more succinic acid; formed less 
formic acid, in some cases none whatever; formed less acetic acid; 
evolved more carbon dioxide; and produced no lactic acid. A 
further comparison of these forms is being made. 


DISCUSSION 


The identification of formic, acetic, lactic, succinic, and carboni¢ 
acids in a synthetic citrate medium inoculated with Bacillus aer- 
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irycke shows that a very thorough decomposition of the citrate 
molecule has taken place. The precise manner in which these 
substances are formed is not yet clear, but important processes 
are evidently concerned with oxidation, since the most rapid ac- 
tion occurs in the aerated culture. Since acetonedicarboxylic acid 
can be obtained from citric acid by the action of various oxidizing 
reagents, this acid might be a product of the bacterial action. No 
evidence of its presence was found, however, nor of acetone, into 
which it readily decomposes. Moreover, growth on a medium 
composed of acetonedicarboxylic acid and the requisite salts both 
with and without formate was feeble, and produced no non-vola- 
tile and little volatile acid. It therefore appears improbable that 
this substance is an intermediate in the decomposition. In view 
of the identification of lactic acid, the possibility that pyruvic acid 
or aldehyde may be an intermediate (16, 17) deserves investigation. 

The formation of succinic acid in relatively large amounts ap- 
pears to require some other mechanism than that proposed by 
Brown, Duncan, and Henry (4), who assumed free radicals as in- 
termediates. Grey (18) had proposed the same mechanism to 
explain the action of Bacillus coli on citrate in the presence of cal- 
cium formate, by which acetic and succinic acids were formed. 
Butterworth and Walker (6) have likewise resorted to the assump- 
tion of free radical formation. It is evident from the equations 
proposed by Brown, Duncan, and Henry that for every molecule 
of succinic acid isolated, a molecule of formic acid should be found. 
The data in Table I show, however, that this is not the case, for 3 
times as many molecules of succinic acid as of formic acid were 
isolated. The separate rough and smooth forms likewise fail to 
produce the expected ratio (Table II). The bacteria are able to 
utilize succinate but not formate under these experimental con- 
ditions, so that the amount of formic acid remains nearly constant 
in a series of experiments, while the quantity of succinic acid 
varies. The mechanism proposed by these authors therefore does 
not appear to explain the decomposition of citric acid by Bacillus 
aertrycke. 

The formation of succinic acid from the protein constituents of 
the bacteria (19) does not account for the data under discussion, 
since the amount of acid is far greater than the total amount of 
protein. Acetic acid can scarcely be the stage preceding succinic 
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acid (16, 20, 21) for in synthetic media the bacteria fail to utilize 
acetate at hydrogen ion concentrations more acid than pH 7, 
whereas the optimum pH for the production of succinate lies be- 
tween 5 and 6. Whether a hydroxyadipic acid (17) may be the 
precursor in this case, there are not sufficient data to decide. A 
substituted acetic acid is also worth consideration (22) in a dis- 
cussion of this question. 

While both the rough and smooth forms produce succinic acid, 
the former gives a larger yield and acts more rapidly; the inoculum 
of the smooth form was much larger than that of the rough in the 
experiments shown in Table II. The rough form produces much 
less formic acid than the smooth, and appreciably less acetic acid. 
The cultural differences between these forms are those commonly 
found between rough and smooth forms; the rough is more resist- 
ant, and the smooth is more sensitive to changes in environment. 
Both forms have maintained their cultural and biochemical char- 
acteristics in this simple medium through twenty transfers. The 
more selective action of the smooth form is no doubt responsible 
for the isolation of lactic acid. Since the substance isolated is 
optically inactive, it may be the result of a dismutation or other 
non-enzymatic reaction which has time to occur in the smooth 
but not the rough culture. 


SUMMARY 


1. A study was made of the chemical changes which occur when 
Bacillus aertrycke is cultivated on a synthetic citrate medium with 
ample exposure to the air. 

2. The products identified were formic, acetic, and succinic acids 
and carbon dioxide. 

3. The ratio of succinic to formic acid which was found renders 
improbable the assumption that free radicals play an important 
part in the decomposition of citrate by bacteria. 

4. Rapid and convenient methods for the determination of 
citric and acetic acids were developed. 

5. Comparison of the rough and smooth forms of Bacillus aer- 
trycke showed that the smooth form produces more formic and 
acetic acids, less carbon dioxide and succinic acid; and in addition, 
small amounts of lactic acid. 
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PREPARATION OF WHITE ZEIN FROM YELLOW CORN 
By INEZ D. MASON anv LEROY 8S. PALMER 


(From the Section of Animal Nutrition, Division of Agricultural 
Biochemistry, University of Minnesota, St. Paul) 


(Received for publication, July 16, 1934) 


The preparation of zein from maize was described by Abder- 
halden (1910) who found it impossible to remove all the color 
when yellow corn was used. With a modification of his method 
we have been able to prepare white zein powder suitable for use 
in biological experiments. 

About a kilo of yellow, commercial corn gluten meal! tied in each 
of several cloth bags is immersed in 85 to 95 per cent alcohol for a 
few days. The alcohol is removed and evaporated to one-fourth 
its volume, and the extraction and concentration repeated three 
times. The evaporated product is then precipitated by pouring 
it into 10 times its volume of a 1 per cent sodium chloride solution. 
The supernatant liquid is decanted through cheese-cloth and most 
of the water is pressed out of the zein. This is then broken into 
bits and dissolved by shakingin hot 95 percent alcohol. Thesolution 
is filtered with suction and the filtrate mixed with an equal volume 
of ethylene dichloride? in a separatory funnel to remove fat and 
pigments. Water is gradually added until a separation can be 
made. The ethylene dichloride extraction is repeated twice, 
absolute aleohol being added- when necessary to break the emul- 
sion. The separated zein is again precipitated, redissolved, and 
filtered, in order to remove the excess of water which is added 
during the ethylene dichloride extraction. It is necessary to 
remove this water before the final precipitation and drying of the 
product. The last precipitation is made by pouring the alcoholic 
zein solution slowly with constant stirring into absolute ether, 


1 The corn gluten meal employed in our work contained about 45 per 
cent protein. 
? The fraction boiling at 83-84° from a technical grade of ethylene di- 
chloride was employed in our study. 
131 
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forming a white flocculent to curdy precipitate. Acetone may be 
used in place of ether but if the ratio of alcoholic zein solution to 
ether is more than 1:10, a gummy mass is likely to form. With 
acetone a ratio of 1:5 is successful. The precipitate is filtered 
quickly with suction and washed first with ether (or acetone) and 
then with ethylene dichloride. This step of the process should 
be carried out as quickly as possible, since at this stage the product 
is very hygroscopic. After the zein has been washed with ethylene 
dichloride, it may be dried in a current of air at 50-60°, a white, 
easily powdered product being obtained. 

Samples were tested for tryptophane by the usual laboratory 
methods. Usually no color was produced and at most there was 
only a slight transitory color; this was similar to the findings of 
Osborne and Harris (1903). 
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THE RATE OF ABSORPTION OF GLUCOSE FROM THE 
INTESTINE OF THE DOG 


By HARRY C. TRIMBLE 
(From the Biochemical Laboratory of Harvard Medical School, Boston) 


anp STEPHEN J. MADDOCK 
(From the Laboratory of Surgical Research, Boston City Hospital, Boston) 


(Received for publication, July 25, 1934) 


In a recent publication (1) data have been presented demon- 
strating that d-glucose is absorbed from the gastrointestinal tract 
of male dogs at a rate approximating 1 gm. per kilo per hour as the 
maximum. This value was obtained under conditions which pro- 
vided and maintained an excess supply of the sugar, and which 
permitted the gastrointestinal tract to function as a unit and in a 
physiological manner. During this investigation it was noted that 
the quantity of glucose, and of fluid as well, which happened to be 
encountered in the lumen of the intestine at the termination of 
experiments lasting 1, 2, or 3 hours, was always relatively small 
and in contrast to the amounts still retained by the stomach. 
For the entire series the average of the quantities present within 
the intestine at the moment of observation was 3.3 gm. (1 gm. or 
less in one-third of the experiments), while the amounts retained 
in the stomach averaged 14 gm. (range 4 to 39 gm.). These 
findings led to an investigation of the individual contributions of 
the stomach and of the intestine to the absorption process in the 
dog. Contrary to several recent reports (2-5) absorption of glu- 
cose from the stomach was demonstrated (6) to be either zero 
or negligibly small. Therefore it became desirable to ascertain 
whether the rate of absorption of glucose from the gastrointestinal 
tract could be increased by introducing the sugar directly into the 
intestine and continuously maintaining there a supply larger than 
that available when glucose is administered by mouth. 

Observations related to the topic under discussion have been 
found in the reports of a number of previous investigators. Using 
133 
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fluoroscopic methods, Holtz and Schreiber ((4) p. 32) have observed 
delays (maximum, 20 minutes) between the introduction of glu- 
cose into the stomach of dogs and the entrance of the first portion 
into the intestine. They have reported ((4) p. 33) complete 
closure of the pylorus in the midst of the absorption period for 
intervals as long as 20 minutes. These authors ((4) p. 44), to- 
gether with Macleod, Magee, and Purves ((7) p. 410) and Ravdin, 
Johnson, and Morrison (8), have recorded instances where the 
intestine of animals was completely empty 1 or 2 hours after 
glucose had been ingested, while the stomach still retained con- 
siderable supplies of unabsorbed sugar. Auchinachie, Macleod, 
and Magee (9) have observed instances where little or no absorp- 
tion occurred as a consequence of pylorospasm. Cori (10), in his 
recent review of carbohydrate metabolism, has directed attention 
to the lack of definite information upon the significance of pyloric 
activity in glucose absorption. 

In twenty-one experiments (periods of 1 to 3 hours), upon the 
same dog, London and Polowzowa (11) observed absorption at 
rates' ranging between 0.21 and 0.94 gm. per kilo per hour when 
glucose (9 to 159 gm.) solutions (concentrations of 4.6 to 79.7 per 
cent) were introduced into a fistula (12) communicating with the 
duodenum and the unabsorbed sugar was recovered through 
another fistula in the ileum. In one-third of these experiments 
(glucose in concentrations of 11.5 to 36.9 per cent) the observed 
rates were relatively uniform and approximated 0.40 gm. per kilo 
per hour. ' 

London and Polowzowa (11) reported that the smallest loss or 
gain in the volume of fluid recovered occurred when the glucose 
was administered in a solution of 13.1 per cent concentration. 
Auchinachie, Macleod, and Magee (13) and Macleod, Magee, and 
Purves (7) diffused sugars through surviving segments of rabbit 
intestine suspended in a solution of salts and concluded that 
approximately this same concentration of glucose passed most 
rapidly through such preparations. Magee and Reid (14) intro- 
duced glucose into the stomach of rats in solutions of 13.5 and 36 


1 Recalculated from the original data which are recorded in absolute 
units. Unfortunately, absence of a record of the weight of their other 
experimental animals prevented similar utilization of the extensive data 
published by London and his associates. 
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per cent concentration and found that the former was absorbed 
1.2 times more rapidly. These same investigators placed glucose 
(concentrations of 9, 13.5, 18, and 54 per cent) within the stomach 
of luminalized cats and the duodenum of luminalized rabbits and 
then determined the sugar content of the portal blood for 2 hours 
thereafter. Their data show that during the first 30 minutes 
somewhat higher sugar levels existed within the portal blood when 
the glucose was administered as a 13.5 per cent solution. Upon 
the basis of these and earlier (7, 13) observations, Magee and 
Reid concluded that this particular concentration is the optimal 
one for the absorption of glucose by the living animal. 

Ravdin, Johnson, and Morrison (15) recently have reported the 
results of an intensive study of absorption of glucose from an 
isolated segment of intestine in the dog. Using a modified Thiry 
loop and 15 minute experimental periods, they observed definitely 
increased absorption of glucose, concomitant with increases of 
either its concentration or its absolute amount. They could detect 
no linear relationship between the quantity of sugar absorbed 
and either the elapsed time or the weight of the animal. They 
have noted (8) features which complicate comparison of data 
obtained upon isolated segments of the intestine with that in which 
the intact gastrointestinal tract functions as a unit. 


EXPERIMENTAL 


For the experiments to be described, male animals were em- 
ployed. Only those in good condition (neither fat nor thin) were 
selected. Under general anesthesia a pyloric snare (16) was 
installed during a preliminary operation and at the same time the 
duodenum was rendered accessible from the exterior. The tech- 
nique devised for this purpose is being described in detail elsewhere 
(17). From this preliminary treatment the animals recovered 
promptly, and, judged by their capacity to retain food, their con- 
dition returned to normal within 1 or more days. During the 20 
to 24 hours just preceding the absorption test, the animals had 
access to water only. On the day of the experiment they received 
an infusion of glucose through a hollow needle inserted directly 
into the lumen of the duodenum. In the shorter experiments, or 
those in which the volume of fluid to be employed was small, the 
sugar solution was introduced either from a burette or a syringe. 
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Under such circumstances the infusion usually was completed 
within 2 to 5 minutes. In the experiments involving low concen- 
trations of sugar and rather large volumes of fluid, a motor-driven 
pump functioning similarly to that described by Woodyatt (18) 
was employed. During the experiments the animals reclined 
quietly upon a cushioned table. At the conclusion of the infusion, 
amytal (100 mg. per kilo) was administered intravenously, caus- 
ing death to ensue almost instantly and very quietly. 

Upon exposure of the intestine, the distribution of fluid among 
the various loops and segments was found routinely to be quite 
uniform. Fluid and sugar had entered the large intestine in only 
a few experiments but actual diarrhea did not occur.? The re- 
covery of unabsorbed glucose and its quantitative measurement 
were accomplished in accordance with procedures described in 
previous papers of this series. 

Control tests upon certain new features of the technique involved 
in the present discussion have been reported elsewhere (17). In 
some instances, the absorption capacity of animals, whose recovery 
was clinically unsatisfactory, was tested. Under such circum- 
stances, very low absorption rates (0.40 to 0.70 gm. per kilo per 
hour) were obtained. These observations served to confirm the 
clinical judgment as to their unsuitability for absorption tests. 
Data upon such animals have not been included in this report. 

In the early experiments of the present investigation, the obser- 
vation was made that glucose introduced directly into the intestine 
is diluted very rapidly to a rather low concentration, even when a 
considerable quantity of a concentrated solution is involved. 
Therefore, an effort was made to restrict the opportunity for con- 
tact between the material undergoing absorption and the diluting 
mechanism, and thus maintain within the intestine a constantly 
replenished solution of relatively high concentration. In anumber 
of the experiments the entire quantity of sugar employed was not 
made available to the organism at the beginning of the test, but 
was introduced gradually with the assistance of the pump men- 
tioned previously. This was operated at a speed sufficient to 


? The data obtained in these instances do not yield rates of absorption 
which differ significantly from the average in those experiments which were 
free from this technical defect. Therefore the data involved have not been 
rejected. However, in Table I, they have been designated appropriately. 
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maintain within the intestine a supply of glucose which would be 
constantly in excess (50 to 100 per cent) of the capacity of the ab- 
sorption mechanism. For each animal a schedule of the potential 
requirements at definite intervals was prepared in advance of the 
actual experiment and was based upon the higher rates observed 
in preceding experiments. The pump thus assumed a portion of 
the functions of the stomach with the advantage that the dilution 
which occurs while a solution is retained in that organ was avoided. 
Unfortunately the influx of fluid into the intestine, which did occur 
to a considerable extent even with the procedure adopted, had a 
tendency to provoke diarrhea similar to that reported by investi- 
gators (19-21) who have introduced concentrated solutions of 
glucose into the stomachs of rats. This tendency limited the 
absolute quantity of glucose which could be introduced into a given 
animal, and consequently the scope of experimentation. 


Results 


For this entire series of experiments, the average rate of absorp- 
tion of glucose was 0.92 gm. per kilo per hour. This quantity 
approximates the value (0.99) obtained in the former series (1) in 
which glucose was introduced by mouth. The highest absorption 
rates observed in any single experiment in the present series did 
not exceed the highest individual rate observed in the former series. 
Therefore, the present results, taken either individually or as a 
group average, do not support the hypothesis that the rate of 
absorption of glucose from the intestine can be raised to a higher 
level by introducing the sugar in excess quantities directly into 
this portion of the gastrointestinal tract. In fact, the present 
data, when compared with those of the former series (1), supply 
some indications that absorption from the intestine is performed 
slightly more effectively when the stomach is permitted to play 
its usual réle in the process. 

Incidental to the main purpose of stimulating the absorption 
of glucose from the intestine at the maximum velocity possible 
under circumstances approximating the physiological, there has 
been opportunity to compare the effects of some factors involved 
in the process. The concentration of glucose in the solution 
infused, the dosage of the sugar per unit of body weight, the abso- 
lute quantity of it within the intestine at the termination of the 
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experiment, the volume of solution present, the duration of the 
absorption period, were varied in individual experiments. The 
failure of an increase in the concentration to increase the rate of 
absorption may be noted by inspection of Table I. The data for 
the half hour experiments are particularly instructive. In these 


TasBLe I 
Absorption of Glucose from Small Intestine of Dog 














Glucose 
“> of | Absorp- Given Recovered] Absorbed 
tion period 
Concen-) Total | Total | Total Rate per kilo per hr. 

kg. hrs. per cent gm. gm. gm. gm. 

10.6 0.50 3.02 | 11.40 6.62 4.78 0.90 

11.2 0.55 | 13.34 | 14.51 8.68 5.83 0.94* 

9.8 0.53 | 30.00 | 11.75 6.88 4.87 0.93* 

6.9 0.50 | 30.35 | 26.96 | 24.02t| 2.94 0.85* (Average 0.91) 
17.2 1.0 4.63 | 32.86 | 16.30 16.56 0.96 

19.4 1.0 9.12 | 28.03 9.86 18.17 0.94 

17.2 1.0 13.60 | 26.38 | 11.80 14.58 0.85 

18.1 1.0 20.00 | 25.04 9.65 | 15.39 0.86 (Average 0.90) 
18.4 2.0 4.81 | 44.10 | 11.92 | 32.18 0.87t 

17.0 2.0 4.90 | 38.45 4.54 | 33.91 1.00 

15.8 2.0 9.60 | 53.32 | 19.51§| 33.81 1.07f 

18.7 2.0 10.87 | 64.89 | 30.54||| 34.35 0.92 

11.0 2.0 13.45 | 26.89 8.50 18.39 0.84 

13.3 2.0 20.66 | 40.81 | 18.489] 22.33 0.84 

11.6 2.0 31.90 | 31.90 9.83 | 22.07 0.95t (Average 0.92) 
15.9 3.0 22.97 | 65.17 | 21.42 | 48.75 0.92 























* Infusion by gravity. 

t 3.06 gm. in large intestine. 
t Ligation distal to pancreas. 
§ 1.51 gm. in large intestine. 
|| 0.40 gm. in large intestine. 
3.63 gm. in large intestine. 


the opportunity for dilution of the solution ingested was most 
limited. In the first, second, and third experiments, the animals 
were very similar in size and received similar doses of sugar per 
kilo; yet neither a 4-fold nor a 10-fold increase in the concentration 
of the sugar increased the velocity of its absorption to a significant 
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extent. Also, augmenting the dose (per kilo) nearly 4 times (in 
the fourth experiment) did not increase the rate of absorption. 
On the other hand, our data indicate a slight tendency for the rate 
of absorption to decline when the mass per kilo, or the concentra- 
tion of the sugar, is greatly increased. Analysis of the data for 
the longer absorption periods provides further support for these 
conclusions. No attempt was made to study intensively any 
single factor. Consequently the full effect of each may not have 
been uncovered. However, such data as have been obtained do 
not indicate a definite tendency for any of the factors mentioned 
to promote absorption of glucose from the intestine (acting as a 
unit) at a significantly increased rate. 

In several experiments the intestine was ligated distal to the 
pancreatic ducts prior to the introduction of the sugar. (These 
are designated in Table I.) These experiments do not show that 
presence or absence of a contact between the sugar solution and 
the upper portion of the duodenum produced any significant 
change in the absorption rate. 

Comment—A majority of the present experiments happens to 
be included within that range of concentration which yielded 
absorption at relatively uniform rates for London and Polowzowa 
(11). The rates observed by us, however, are on a definitely 
higher level. This finding might be explained either upon the 
basis that our technique permitted more of the intestine to partici- 
pate in the absorption experiment, or that extended use of an ani- 
mal with fistulas was avoided. We have made no observations 
involving infusion of solutions of those exceedingly high concen- 
trations for which London and Polowzowa have recorded absorp- 
tion at progressively increasing rates. 

In a few of the experiments recorded in Table I glucose was in- 
fused at approximately that concentration (13.5 per cent) which 
Magee and Reid (14) have reported to be most effective in pro- 
moting absorption of the sugar from the intestine of luminalized 
cats and rabbits. In these instances the absorption rates ob- 
tained by us do not to a significant extent exceed those which were 
encountered when solutions of greater or less concentrations were 
introduced into the intestine of the dog. The discrepancy between 
the conclusions of Magee and Reid and those which the data of 
Table I warrant may be explained on the basis of the difference in 
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the methods employed for measuring the rates of absorption. 
However, species differences, the influence of luminal, and still 
other features may be involved. The data at present available 
are too limited to permit the réle of the various factors to be 
evaluated. References to the observations and the experimental 
methods of Magee and Reid have been included in the introductory 
sections of the present communication. 

Jordan (22) and also Wierzuchowski and Gadomska (23) have 
shown that dogs receiving glucose intravenously at a rate of 1.5 to 
2 gm. per kilo per hour can dispose of this sugar without a gross 
glycosuria, if the carbohydrate disposal mechanism has received 
a preliminary stimulation (infusion at a subtolerance rate). This 
finding is in contrast with the observation of the present investiga- 
tion that glucose, even when introduced directly into the intestine, 
is not absorbed at a rate in excess of 1 gm. per kilo per hour. 
Therefore it is evident that this difference between the maximum 
capacity to absorb glucose into the blood and the maximum capac- 
ity to dispose of it without loss to the organism gives a large 
factor of safety to the entire process in the dog. In this connection, 
reference should be made to some earlier comments ((1) p. 135) 
upon this topic. 

In the present communication some emphasis has been placed 
upon the fact that an excess of sugar was maintained within the 
intestine throughout the experiment, and that the entire intestine 
could function as a unit. Consequently the maximum absorption 
capacity, which was available under a given experimental condi- 
tion, could be utilized continuously. The finding of a linear 
relation between observed absorption rates and elapsed time 
undoubtedly is connected with these circumstances. When these 
conditions are not present, apparent rates that are lower than the 
maximum obtainable and that vary with elapsed time may be 
encountered. 


SUMMARY 


The maximum rate at’ which glucose is absorbed from the intes- 
tine of the dog has been measured under conditions suitable for 
supplying and maintaining an excess of the sugar at that site. In 
a series of experiments, the observed rate of absorption averaged 
0.92 gm. per kilo per hour. This quantity is slightly less than the 
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value (0.99 gm. per kilo per hour) observed in the former series of 
experiments (1) in which the entire gastrointestinal tract func- 
tioned as a unit. The concentrations of the solutions infused 
varied from 3 to 32 per cent, the dosage per unit of weight from 1.0 
to 3.9 gm. per kilo, the duration of the absorption period from 0.5 
to 3 hours. Varying these factors failed to increase the rate of 
absorption to a significant extent. Therefore the conclusion is 
drawn that introducing glucose directly into the intestine of the 
dog and continuously maintaining an excess of the sugar at that 
location do not increase the rate of absorption beyond the maxi- 
mum obtainable when the intact gastrointestinal tract functions 
as a unit. 

Infusion of glucose in a 13.5 per cent solution did not promote its 
absorption from the intestine at a rate significantly in excess of 
the other concentrations tested.. This experience contrasts with 
the conclusion of other investigators (14) that the particular con- 
centration just mentioned is the optimal one for the absorption of 
this sugar by the living animal. 

The large factor of safety which exists between the maximum 
rate at which the intestine of the dog can supply glucose to the 
blood and the maximum rate at which this carbohydrate can be 
removed from the blood and disposed of without loss to the organ- 
ism is discussed. 
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XXXI. FURTHER STUDIES ON THE DEHYDROGENATION OF 
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New York) 


(Received for publication, July 23, 1934) 


In a recent preliminary note! of our later studies of the dehydro- 
genation of strophanthidin with selenium we briefly reported the 
formation of Diels’ hydrocarbon, methyleyclopentanophenan- 
threne, thus confirming a similar observation made by Tschesche 
and Knick? with a derivative of another cardiac aglucone, dian- 
hydrouzarigenin. In the present paper we wish to describe these 
experiments more fully with resulting conclusions. We shall 
refer the reader to the preliminary note for the historical points. 

In the first work of Jacobs and Fleck,’ which yielded a sub- 
stance that appeared to be a dimethylphenanthrene, CysHu, a 
procedure had been used which in preliminary trials with choles- 
teryl chloride had given the Diels hydrocarbon, C,sHs, without 
difficulty. In this procedure the mixture of strophanthidin and 
selenium was heated in a Pyrex flask furnished with an outer 
jacket containing mercury refluxing at ordinary pressure. 

The temperature at which the dehydrogenation occurred was 
thus 350-360°, or possibly. somewhat higher if superheating had 
occurred. In the present work a much stricter control of tem- 
perature conditions has been observed by the use of a potassium 
sodium nitrate bath equipped with a thermometer. Under the 
conditions given in the experimental part and at a final tempera- 
ture of 320-340°, the Diels hydrocarbon has been obtained without 
difficulty from the reaction mixture. Its identity has been con- 


! Elderfield, R. C., and Jacobs, W. A., Science, 79, 279 (1934). 
* Tschesche, R., and Knick, H., Z. physiol. Chem., 222, 58 (1934). 
* Jacobs, W. A., and Fleck, E. E., J. Biol. Chem., 97, 57 (1932). 
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firmed by preparation of the picrate, trinitrobenzene, and trini- 
trotoluene addition compounds. Further, on oxidation with 
chromic acid no quinone was obtained. The possibility that the 
CisHy, hydrocarbon of Jacobs and Fleck might be contained in 
the mother liquors or fractions other than those which gave the 
Diels hydrocarbon was then considered. However, oxidation 
experiments with various fractions of the hydrocarbons failed to 
yield any of the previously described quinone obtained from the 
CisHis hydrocarbon. 

The problem, therefore, remained of reconciling the earlier 
described production of the CisHy hydrocarbon with our failure 
to obtain any appreciable quantities of this substance in the later 
work which gave the Diels hydrocarbon. The thought naturally 
occurred that the discrepancies might be explained by the differ- 
ences in the temperatures at which the dehydrogenation was 
carried out as well as in the rates of heating and rates of addition 
of the selenium in the two cases. That such factors can affect 
the course of dehydrogenation, with consequent variation in the 
products obtained, has been shown by the work of Ruzicka and 
coworkers on the dehydrogenation of cholic acid and the sterols.‘ 
To check such possibilities, other experiments were performed. 

Strophanthidin was heated rapidly at 340-360° without addition 
of selenium until decomposition had substantially ceased and a 
quiet melt had been produced. Excess selenium was then added 
and the mixture was heated for 32 hours at this temperature. 
After fractional distillation and prolonged fractional crystalliza- 
tion, only a very small amount of hydrocarbon melting at 123-124° 
was obtained. This substance did not appear homogeneous under 
the fluorescent microscope and on treatment with picric acid 
gave an unhomogeneous picrate which melted neither sharply 
nor constantly. Upon oxidation of the hydrocarbon a very small 
quantity of quinone was obtained. In this case the yield of crys- 
talline hydrocarbons was much smaller than in the experiment 
which gave the Diels hydrocarbon readily. 

Finally, strophanthidin was mixed with excess selenium and 
rapidly heated to 340-360°. This temperature was maintained 
for 32 hours. In this case, after distillation the total yield of 

‘ Ruzicka, L., Thomann, G., Brandenberger, E., Furter, M., and Gold- 
berg, M. W., Helv. chim. acta, 17, 200 (1934). 
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hydrocarbons which crystallized was strikingly large and amounted 
to about one-half of the weight of strophanthidin taken. Re- 
peated fractional crystallization gave at least four different 
hydrocarbons. 

The most insoluble fraction melted constantly at 295-297°. 
The analytical figures were in good agreement with those required 
by a CyHis hydrocarbon. It is barely possible that this hydro- 
carbon is a cyclopentanotriphenylene. This might be formed by 
a pyrolytic synthesis involving preliminary condensation of the 
aldehyde group of the strophanthidin molecule on the a-carbon 
atom of the lactone side chain, to form an intermediate cyclo- 
pentene ring and subsequent dehydrogenation. The new methyl- 
cyclopentene ring could subsequently rearrange to a benzene ring. 
However, this can be presented at the moment as a mere con- 
jecture. Such a synthesis is represented in the accompanying 
formulas. 


| 
OC—CH, CHO oc-C = C- 
_ | | 
CH=C 


at~¢ 


—s 


From the more soluble fractions, hydrocarbon material which 
melted at 120-121° was obtained. From this substance on oxida- 
tion a small quantity of quinone was obtained. However, on 
treatment with trinitrobenzene approximately one-half of the 
quantity of hydrocarbon used could be isolated as the trinitro- 
benzene derivative of Diels’. hydrocarbon. Attention was thus 
concentrated on the most soluble hydrocarbons still remaining 
in the mother liquor of the above hydrocarbon fraction. From 
these, by fractional crystallization of the picrates and regeneration 
from them of the hydrocarbons, it has been possible to isolate two 
substances. The first hydrocarbon gave analytical figures corre- 
sponding to CisHy and melted at 123-124°. It formed a rusty 
orange picrate melting at 140-141°. On oxidation, a quinone 
was obtained which melted at 208-209° and which with o-phe- 
nylenediamine gave a quinoxaline melting at 150°. The second 
hydrocarbon also gave analytical figures corresponding to CysH.. 
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It melted at 127°, forming a yellow-orange picrate melting at 
126-127°, and a trinitrobenzene compound melting at 151-153°. 
On oxidation of the very smali amount available, a quinone was 
obtained which melted at 203-205°, which in turn gave a quin- 
oxaline, the melting point of which reached 168-171° after several 
recrystallizations. However, at this point, exhaustion of material 
prevented further recrystallization. 

Unfortunately, owing to the limited amount of material avail- 
able and the large losses involved in the separation of such complex 
mixtures of substances possessing ‘similar physical properties, 
the quantities of hydrocarbons finally obtained were so small that 
a complete characterization of their quinones and quinoxalines 
could not be achieved. The results reported are, therefore, not 
final. Sufficient information has, however, been gathered to show 
that under these conditions of dehydrogenation there are formed 
along with the Diels hydrocarbon, at least two other substances 
possessing very close physical resemblances to it. These may 
perhaps be provisionally regarded as dimethyl- or ethylphe- 
nanthrenes. In the earlier work of Jacobs and Fleck the sub- 
stance there reported was apparently a mixture of these three 
hydrocarbons, and, on preparation of derivatives, naturally the 
most insoluble one was obtained in each case. 

An explanation for the varying products obtained in the dehydro- 
genation of strophanthidin would seem to be found in the order 
and manner in which the various hydroxyl groups are removed 
at the beginning of the reaction, since the work of Ruzicka and 
Thomann’ has shown that, when once formed, Diels’ hydrocarbon 
appears to resist the further dehydrogenating action of selenium. 

The production of Diels’ hydrocarbon by the dehydrogenation of 
strophanthidin and dianhydrouzarigenin leads to the conclusion 
that, in so far as the formation of this substance may be considered 
characteristic of the reduced cyclopentanophenanthrene ring system 
of the sterols, bile acids, etc., the cardiac aglucones appear to be 
built on this same system. Whether Diels’ hydrocarbon is always 
a primary product, or whether it can also be the result of pyrolytic 
rearrangements, is a question which must be left for future work. 
Although the so called C)sHi hydrocarbons may be regarded as 


5 Ruzicka, L., and Thomann, G., Helv. chim. acta, 16, 226 (1933). 
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homologues of phenanthrene, their formation would first have to 
be proved to be of primary character before the presence of a 
phenanthrene nucleus in the strophanthidin molecule can be 
regarded as conclusively proved. 

Uzarigenin contains a methyl group in the position occupied 
by the aldehyde group of strophanthidin, and these groups have 


been shown to be attached to a cu group of a six-membered 


ring. The synthetic work of Cook and Haslewood,* Haworth, 
Mavin, and Sheldrick,’ Harper, Kon, and Ruzicka*® would indicate 
that while quaternary methyl groups are eliminated during the 
course of dehydrogenation, those directly attached to a single 
ring appear to be much more stable. The ultimate fate, there- 
fore, of this aldehyde carbon atom of strophanthidin becomes of 
interest. For since this methyl group is attached to a six-mem- 
bered ring, then the expected dehydrogenation product should be 
a dimethyleyclopentanophenanthrene and not Diels’ hydrocarbon. 
However, the production of the former substance has not been de- 
tected. The apparent elimination, therefore, of the aldehydic car- 
bon atom in strophanthidin (or methyl group of uzarigenin) during 
the course of its dehydrogenation does not, however, cause serious 
difficulty, since recent work of Haworth et al.’ has demonstrated 
possible migration of substituents during such reactions. The 
necessity is quite evident for caution in the interpretation of the 
results of dehydrogenation experiments performed at high tem- 
perature. 

Further, on the mere chance that in spite of accumulated evi- 
dence to the contrary, the aldehyde group of strophanthidin might 
be situated on a five-membered ring, and therefore the source of 
the methyl group of Diels’ hydrocarbon, a study was made on one 
of its derivatives from which this particular carbon atom could 
first be removed. This substance is isostrophanthic acid which 
loses this carbon atom (carbon atom (1)) as CO, upon thermal 


® Cook, J. W., and Haslewood, G. A. D., J. Chem. Soc., 428 (1934), and 
earlier papers. 

’ Haworth, R. D., Mavin, C. R., and Sheldrick, G., J. Chem. Soc., 454 
(1934), and earlier papers. 

* Harper, S. H., Kon, G. A. R., and Ruzicka, F. C. J., J. Chem. Soc., 
124 (1934), and earlier papers. 
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decomposition.’ Isostrophanthic acid after such preliminary 
thermal decomposition was heated at 320-340° with selenium for 
33 hours. From the reaction mixture the only apparently pure 
substance isolated was a hydrocarbon (Ci.Hy ?) melting at 140- 
142°, which was further characterized by its trinitrobenzene addi- 
tion product. From the mixtures with melting points near that 
of the CisHis or ““CysHy” hydrocarbons no pure substance could 
be obtained after more than 250 recrystallizations. The results 
of this work were, therefore, inconclusive in so far as evidence 
of the formation of cyclopentanophenanthrene is concerned. 


EXPERIMENTAL 


Dehydrogenation of Strophanthidin Leading to Diels’ Hydrocarbon 
—150 gm. of strophanthidin and 30 gm. of selenium were placed 
in a long necked flask equipped with a ground-in tube for sweeping 
the interior with nitrogen to facilitate the removal of water. The 
flask was heated in a potassium and sodium nitrate bath. During 
the first 6 hours the temperature was gradually raised to 320° 
with further addition of selenium in 30 gm. portions at 2 hour 
intervals. The temperature was then maintained at 320-340° 
for an additional 26 hours, with gradual addition of more selenium 
in portions until a total of 220 gm. had been added. The contents 
of the flask were finely powdered and extracted with ether in a 
Soxhlet apparatus. After removal of the ether, the extracted tar 
was distilled at 1 mm. and cuts were taken as follows: 

Fraction I, below 170°, 5 gm.; Fraction II, 170-210°, 6 gm.; 
Fraction III, 210-240°, 47.3 gm.; Fraction IV, 240-275°, 13.7 gm. 
None of these fractions crystallized on standing in the refrigerator. 
Fraction III was redistilled at 0.2 mm. and the following cuts 
were taken. 

Fraction III-a, below 195°, 17.8 gm.; Fraction III-b, 195-220°, 
15 gm. Fraction III-a, deposited crystals on standing in the 
refrigerator, but Fraction III-b remained a glossy resin. Fraction 
III-a was converted into the picrate in ethereal picric acid and 
evaporated to dryness. After extraction of the residue with petro- 
leum ether, the undissolved picrates were decomposed with Na,COs 
and the hydrocarbons thus obtained were fractionally recrystal- 


* Jacobs, W. A., and Collins, A. M., J. Biol. Chem., 61, 399 (1924). 
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lized from alcohol according to the triangle scheme. After about 
forty-five crystallizations, a fraction of 500 mg. was obtained, 
which melted at 125-126° (corrected). Further recrystallization 
failed to change the melting point. Under the fluorescent micro- 
scope the substance exhibited a strong blue fluorescence and ap- 
peared to be contaminated with but a trace of material possessing 
a lavender fluorescence (CjHy ?). It yielded no quinone on 
oxidation. 


CisHie. Calculated. Cc 93.10, H 6.89 
Found. ** 93.12, ** 7.05 
“ 92.98, “7.11 


The picrate was prepared in alcoholic picric acid. It formed 
yellow-orange needles which melted at 118-119° after recrystal- 
lization from alcoholic picric acid. 


CxH1907;N3. Calculated. C 62.44, H 4.16 
Found. ** 62.07, “* 4.01 


The trinitrobenzene compound was prepared in alcoholic solu- 
tion and formed yellow needles which melted at 148-150° after 
recrystallization from alcohol. 


CoH c0-Ns. Calculated. C 64. 69, H 4.31 
Found. ** 64.40, “ 4.07 


The trinitrotoluene compound formed yellow needles from 
alcohol and melted at 93-94°. 


CosH2,06N3. Calculated. C 65.34, H 4.61 
Found. ** 65.50, “* 4.57 


The higher boiling fractions furnished but very small amounts of 
crystalline hydrocarbons. 

Oxidation experiments with chromic acid on lower melting 
hydrocarbon fractions obtained from the mother liquors of Diels’ 
hydrocarbon yielded but traces of possible quinones and in 
amounts too small for investigation. A similar experience was 
encountered with the higher boiling crystalline hydrocarbon 
fractions. 

Dehydrogenation of Strophanthidin after Preliminary Decom- 
position—75 gm. of strophanthidin were heated as rapidly as 
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possible to 340-360° in a flask of the type described above. After 
decomposition and frothing had ceased, a quiet melt remained. 
90 gm. of selenium were then added and the mixture was held at 
320-340° for 32 hours. After being worked up as in the preceding 
experiment, the mixture was distilled at 0.2 mm. and the following 
fractions were taken: Fraction I, up to 175°, 1.7 gm.; Fraction II, 
175-200°, 7.0 gm.; Fraction III, 200-225°, 7.5 gm.; Fraction IV, 
225-260°, 6.02 gm.; residue, 25 gm. Fraction II crystallized 
for the most part on standing in the refrigerator. The others 
remained viscous oils or varnishes. The crystalline material was 
worked through the picrate and the regenerated hydrocarbon was 
fractionally crystallized from alcohol according to the triangle 
scheme. After about 50 recrystallizations a small fraction melted 
constantly at 123-124°. On oxidation a very small amount of 
quinone was formed. The picrate melted neither sharply nor 
constantly at 128-130° and the trinitrobenzene compound melted 
at 150-152°. The substance was apparently a mixture of hydro- 
carbons, but the quantity available was too small for proper 
investigation. From the higher boiling hydrocarbons no crystal- 
line material could be isolated. 

Dehydrogenation of Strophanthidin Leading to Diels’ Hydrocarbon 
and the CywHy (?) Hydrocarbons—80 gm. of strophanthidin were 
intimately mixed with 120 gm. of selenium and the mixture was 
heated to 340° as rapidly as possible (20 minutes). The tem- 
perature of the bath was maintained at 340-360° for 32 hours. 
After extraction of the residue with ether, the mixture of hydro- 
carbons was distilled at 0.2 mm. and cuts were taken as follows: 
Fraction I, up to 150°, 0.4 gm. of oil; Fraction II, 150-215°, 21.6 
gm. (crystallized on standing); Fraction III, 215-280°, 7.3 gm. 
(crystallized on standing); residue, 12 gm. Fraction II was re- 
distilled at 0.2mm. After discarding a slight oily fore-run, cuts 
were taken as follows: Fraction II-a, 170-185°, 15 gm.; Fraction 
II-b, 185-215°, 4.5 gm. Fraction Il-a was converted into a 
picrate, and after extraction of the latter with petroleum ether, 
the hydrocarbon was regenerated and fractionally recrystallized 
from alcohol by the triangle scheme. Fraction II-b was crystal- 
lized from alcohol directly and the fractions after three recrystalliza- 
tions united with those of similar melting point from Fraction II-a. 
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Finally, after removal of considerable higher melting mixtures a 
fraction of 700 mg. melting at 120-121° was obtained after about 
60 recrystallizations. Inasmuch as this still was obviously a 
mixture, further attempts at resolution were discontinued and 
oxidation experiments begun on this material. In several oxida- 
tion experiments under varying conditions a very small quantity 
of quinone was obtained which was insufficient for purification. 
However, a portion of this hydrocarbon mixture furnished a trini- 
trobenzene compound which melted after repeated recrystalliza- 
tion at 147-148° and represented about one-half of the material 
taken. The analytical figures corresponded to the trinitro- 
benzene compound of Diels’ hydrocarbon. Found, C 64.65, 
H 4.06. On conversion of a small sample of this hydrocarbon 
mixture into the picrate a product was obtained which, after 
several recrystallizations from alcoholic picric acid, formed rusty 
orange plates which melted at 125-126° and therefore at a higher 
temperature than the picrate of Diels’ hydrocarbon (118°). Fur- 
ther recrystallization would doubtless have raised this melting 
point still more, but the small amount of material at hand pre- 
vented further recrystallization. On analysis the sample gave 
figures corresponding to the picrate of a CisHy hydrocarbon. 


C2H,70;N;. Calculated. C 60.66, H 3.95 
, Found. ** 60.60, ‘* 3.94 


Attention was then concentrated on the relatively large amounts 
of lower melting hydrocarbons contained in the mother liquors of 
the above 700 mg. fraction. The fraction immediately following 
the latter was converted into a picrate which was then recrystal- 
lized from alcoholic picric acid to a constant melting point of 126- 
127°. The hydrocarbon recovered from the picrate melted con- 
stantly at 127° after three recrystallizations from alcohol. 


CisHis. Calculated. C 93.15, H 6.85 
Found. “* 92.76, ‘* 6.87 


The picrate prepared from the pure substance formed lemon- 
yellow needles and melted again at 126—127° after recrystallization 
from alcoholic picric acid. Found, C 61.34, H 4.09. 

The trinitrobenzene derivative proved to be more stable than 
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the picrate and formed lemon-yellow needles which melted at 151- 
153° after recrystallization from.alcohol. 


C22Hi70.N3. Calculated. C 62.98, H 4.10 
Found. ** 63.67, ‘* 4.38 


Because of the sparing solubility of this derivative it was used to 
obtain more of the hydrocarbon from accumulated mother liquors, 
followed by regeneration of the hydrocarbon with tin and HC! in 
acetic acid. This material was later used for oxidation experi- 
ments given below. 

All the other more soluble crystalline hydrocarbon fractions 
were combined and converted into the picrate in alcoholic picrie 
acid. This picrate, after recrystallization from the same solvent, 
gave what appeared to be a constant melting point of 125-126°. 
After decomposition of this picrate the regenerated hydrocarbon 
melted constantly at 124-125° after three recrystallizations from 
alcohol. 


CisHiy. Calculated. C 93.15, H 6.85 
Found. “ 92.71, “ 7.06 


The picrate prepared from the purified hydrocarbon formed 
rusty orange, flat needles or plates and melted now at 140-141° 
after recrystallization from alcoholic picrie acid. 


C2H,707N3. Calculated. Cc 60.66, H 3.95 
Found. “ 61.00, “ 3.77 


The more insoluble high melting hydrocarbons from Fraction II 
were repeatedly recrystallized from alcohol, but no substance with 
constant melting point could be obtained. 

From Fraction III, after several recrystallizations from alcohol 
and finally from butyl ether, a small amount of a hydrocarbon 
crystallizing as plates was recovered which melted constantly at 
295-297°. In solution this substance exhibited a bright pale blue 
fluorescence. 

CxuHi. Calculated. C 93.99, H 6.01 


Found. “94.08, “ 6.05 
“ 93.87, “ 5.91 


Quinone from the Hydrocarbon Melting at 127°—100 mg. of the 
hydrocarbon were dissolved in 5 cc. of acetic acid and heated on a 
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steam bath for 1} hours with 200 mg. of CrO; dissolved in 1 cc. of 
water. The mixture was carefully diluted, and after standing in 
the ice box the crystalline quinone was collected. After several 
recrystallizations from alcohol it formed brown-red prisms which 
melted at 203-205°. 

With the small amount of this material on hand, its reaction 
with o-phenylenediamine in acetic acid solution was attempted. 
The crystalline quinoxaline formed cream-colored needles from 
chloroform alcohol which, after six recrystallizations, melted at 
168-171°. Exhaustion of material prevented further recrystalliza- 
tion to possibly higher melting point. 

Quinone from the Hydrocarbon Melting at 124-125°—100 mg. of 
the hydrocarbon were oxidized with CrQ; as in the preceding case. 
The substance, after several recrystallizations from alcohol, 
formed garnet prisms which melted at 208-209°. 


CigH 1202. Calculated. Cc 81.32, H 5.12 
Found. ** 80.75, ‘* 5.20 


The quinoxaline prepared from this quinone after repeated re- 
crystallization from chloroform alcohol melted constantly at 
150°. 
CxHisN2. Calculated. C 85.69, H 5.23 
Found. “ 84.80, “ 5.18 


Dehydrogenation of Isostrophanthic Acid—50 gm. of a-isostro- 
phanthic acid were heated in a dehydrogenation flask at 200° 
until evolution of CO, had ceased. The temperature was then 
raised to 320-340° during 6 hours, while selenium was added in 
10 gm. quantities every hour until a total of 70 gm. had been 
added. The temperature was maintained at 320-340° for a 
further 30 hours. After extraction with ether the mixture was 
distilled at 0.2 mm. and the following cuts were taken: Fraction I, 
185-210°, 13 gm., practically all crystalline; Fraction II, 210—240°, 
7 gm., practically all crystalline. Both fractions were freed from 
possible oil by extraction of their picrates with petroleum ether 
and the regenerated hydrocarbons were fractionally recrystallized 
from alcohol according to the usual triangle scheme. 

The most insoluble part of Fraction II melted constantly after 
several recrystallizations from alcohol at 140-142°. The sub- 
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stance crystallized as plates and exhibited a strong uniform 
lavender fluorescence under the fluorescent microscope. 


CisHy. Calculated. C 93.15, H 6.85 


Found. ** 93.38, “‘ 6.96 

“* 93.20, “* 6.80 

** 92.96, ‘* 6.82 
1.495 mg. substance; 30.535 mg. camphor; A 8.6°; mol. wt. = 228 
2.820 “ + 27.790 “ " “19.0° “ “ = 214 


CisHi4. Calculated. Mol. wt. = 206 


The hydrocarbon formed a bright red picrate which apparently 
contained approximately 2 moles of picric acid for each mole of 
hydrocarbon. It proved to be too unstable to permit purification. 


CosH2oOuNs. Calculated. C 50.59, H 3.04 
Found. ** 53.88, “ 3.10 
** 53.76, ‘* 3.42 


The trinitrobenzene derivative, while unstable, could be re- 
crystallized from alcoholic trinitrobenzene solution. It contained 
2 moles of trinitrobenzene for each mole of hydrocarbon and 
formed bright orange plates which melted at 128-129°. 


C2sH200i2Ns6. Calculated. C 53.15, H 3.20 
Found. ‘* 52.96, ‘* 3.44 


From Fraction I no constant melting hydrocarbon could be 
obtained after more than 250 recrystallizations. 
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THE SPECIFICITY OF THE ENZYME ARGINASE* 


By HERBERT O. CALVERY anp WALTER D. BLOCK 


(From the Department of Physiological Chemistry, Medical School, University 
of Michigan, Ann Arbor) 


(Received for publication, July 18, 1934) 


In 1917 Jansen (1) first proposed a method, for the use of the 
enzyme arginase in the quantitative determination of arginine, 
which was later modified and improved by Hunter and Dauphinee 
(2). Since that time the specificity of this enzyme has been of 
much interest. 

The first investigation of the specificity of arginase was that of 
Edlbacher and Bonem (3) who found that the methyl ester of 
arginine as well as agmatine was not hydrolyzed. Later Edlbacher 
and Burchard (4) found that when the peptide arginylarginine was 
treated with arginase only one of the guanido groups was attacked. 
These data led to the postulate that the free carboxyl group was 
essential for arginase action. 

It has been further shown by Thomas, Kapfhammer, and 
Flaschentriger (5) that 6-N-methylarginine is not hydrolyzed by 
arginase and Steib (6) has reported the synthesis of dl-a-N-methyl- 
arginine and 6-guanido-N-caproic acid and made the statement 
without presenting any experimental data that these compounds 
were not hydrolyzed by arginase. Thomas had previously re- 
ported that y-guanidobutyric acid was split while e-guanidocaproic 
acid was not hydrolyzed (7). This is suggestive but not very 
strong evidence in support of the theory that the free amino group 
of arginine is also essential for arginase action. 

It was the purpose of this investigation to study further the 
specificity of the enzyme arginase and to present more data on the 
question of whether or not the free amino group is essential for its 
action. 

*The authors are indebted to Professor H. B. Lewis for suggestions and 
criticisms. 
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EXPERIMENTAL 
Preparation of Arginine Monohydrochloride 


The arginine monohydrochloride was prepared by two methods, 
namely the method of Brand and Sandberg (8) and the method of 
Cox (9). There is little choice between the two methods except 
when free arginine is desired. Free arginine can be obtained in 
beautifully crystalline form in almost quantitative yield according 
to the method of Bergmann and Zervas (10) from the benzylidene 
derivative which is an intermediate in the Brand and Sandberg 
method. 


Preparation of Argininic Acid (a-Hydroxy-s-Guanidovaleric Acid) 


The argininic acid was prepared essentially according to the 
procedure of Felix and Miiller (11). We were unable to obtain 
complete deaminization with equivalent quantities of silver nitrite 
as reported by the above authors. With a large excess of silver 
nitrite and the calculated amount of hydrochloric acid complete 
deaminization could be obtained. Although various conditions 
were tried and different samples of silver nitrite were used, our 
yield of the crystalline product melting at 227° and analytically 
pure was never more than 25 per cent of the theoretical, while the 
product of Felix and Miiller had the same properties and the yield 
was nearly quantitative. Our product gave a negative test for 
a-ketonic acids when tested with 2,4-dinitrophenylhydrazine in 
hydrochloric acid according to the method of Krebs (12). The 
Sakaguchi reaction, as modified by Weber (13), gave about the 
same intensity of color as that produced by an equivalent quantity 
of arginine. 

Titration of Argininic Acid 

The titration of argininic acid in water solution was reported 
by Felix and Miiller (11) who found that with thymol blue as the 
indicator the equivalent of one acidic group in argininic acid 
could be titrated with sodium hydroxide. Arginine itself is 
strongly basic to the same indicator. We have attempted to 
titrate the carboxyl group of argininic acid, according to the 
method of Willstaitter and Waldschmidt-Leitz (14). We have 
also tried to titrate the basic group in 90 per cent alcohol with 
alcoholic hydrochloric acid with methyl red as the indicator. 
In neither case was any titratable group indicated. 
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Preparation of Argininic Acid Ethyl Ester Hydrochloride 


This was prepared by the usual method of preparation of esters. 
The yield of crystalline material was never more than 25 per 
cent of the theoretical. The melting point was 120° (corrected). 
The theoretical value for the nitrogen content is 17.54 per cent, 
while that found was 17.41 per cent and 17.50 per cent. On 
titration in alcohol the amount of alkali required was equivalent to 
the theoretical amount required to react with 1 mole of the ester 
hydrochloride. 

Urease was prepared according to the method of Koch (15) and 
its activity determined by the method of Van Slyke and Cullen 
(16). The arginase was prepared and its activity determined by 
the method of Hunter and Dauphinee (2). The time allowed 
for the action of arginase on arginine was 24 hours at 30°; the time 
allowed for the subsequent action of urease was 2 hours at 45-48°; 
and the time of aeration was 2 hours at room temperature with a 
very rapid stream of air. The amount of arginine determined as 
ammonia was 96 to 99 per cent of the theoretical. The experi- 
ments were always performed in triplicate. 

When argininic acid was treated under the same conditions as 
described above for arginine only 52 to 54 per cent was hydrolyzed. 
When the length of time for arginase action was increased to 48 
hour's the per cent hydrolyzed was 80 to 81. Finally, when the 
time was increased to 96 hours the per cent hydrolyzed was only 
85.6 and any further increase in time of arginase action, urease 
action, time of aeration, or amount of enzyme did not further 
increase the amount hydrolyzed. 

When arginine methyl ester was treated with arginase, we 
found, as Edlbacher and Boném (3) had previously reported, that 
no hydrolysis occurred. Likewise, when argininic acid ethyl ester 
was treated with arginase the amount of hydrolysis was 2 to 3 per 
cent which is within the experimental error of the method. 


DISCUSSION 


From the data presented it is quite evident that the enzyme 
arginase hydrolyzes argininic acid with the production of urea; 
however, the hydrolysis is not as rapid or complete as when 
arginine is the substrate. The hydrolysis of arginine was approx- 
imately 100 per cent in 24 hours but in the case of argininic acid 
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the hydrolysis was never more than 85 per cent even in 96 hours, 
It is a well known fact that certain enzyme actions are equilibrium 
reactions; and that may be the explanation in this case. The 
a-hydroxy-s-aminovaleric acid formed may be the hindering sub- 
stance which causes a slowing of the reaction and the establish- 
ment of an equilibrium before complete hydrolysis. Grose (17) 
has shown that when ornithine is added to the reaction mixture of 
arginase and arginine the reaction is brought to equilibrium before 
completion at a point between 75 and 85 per cent depending on 
the amount of ornithine used. 

The fact that the ethyl ester of argininic acid was not hydro- 
lyzed by arginase lends support to the theory that the free car- 
boxy] group is essential as a point of attachment for the enzyme 
before it can split urea from the guanido group. This is in accord 
with the “two affinities” theory of von Euler and Josephson (18). 

To us another point of interest established during this inves- 
tigation was the fact that argininic acid in 90 per cent alcohol 
possesses no titratable basic or acidic group. In the case of free 
arginine there is one basic group titratable when methyl red is 
used as the indicator, but no acidic group titratable when thy- 
molphthalein is the indicator used. Therefore, with the removal 
of the amino group the only titratable group of arginine was re- 
moved. According to the classical theory of the structure of 
amino acids and proteins, it is the stronger basic group which is 
the first to titrate, but according to the zwitter ion hypothesis 
it is the weaker group which is first to react. Since it is known 
that the amino group is the weaker of the two basic groups of 
arginine, it seems to us that this is another strong bit of evidence 
to add to the large amount which has already accumulated in 
favor of the zwitter ion theory. 

The question as to why argininic acid in alcoholic solution can- 
not be titrated immediately presents itself. It has been previ- 
ously established (19) that under the same given conditions in 
which both of the basic groups of both lysine and histidine as well 
as the carboxyl groups are titratable only one basic group of argi- 
nine is titratable and that this is the weaker amino group, as shown 
in this investigation. The strongly basic guanido group as well 
as the carboxyl group remains unaffected. The fact that argininic 
acid behaves exactly analogously to arginine has led us to believe 
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that in solution, especially in alcoholic solution, argininic acid and 
likewise arginine exist in a rather stable ring structure possibly 
of the nature of an inner salt or an anhydride structure such as 
exists in creatinine. Many of their properties are more easily 
explained on this basis than on the “peculiar nature of the guanido 
group.” 


SUMMARY 


1. Argininic acid (e-hydroxy-é-guanidovaleric acid) can be 
readily hydrolyzed by the enzyme arginase. 

2. Since argininic acid is readily hydrolyzed by arginase, the 
amino group of arginine is undoubtedly not essential for the 
action of arginase. This is contrary to evidence presented by one 
other investigator. 

3. The fact that the methyl ester of arginine, as reported by 
Edlbacher and Bonem and confirmed by us, is not split by arginase 
and that the ethyl ester of argininic acid is also not hydrolyzed 
strongly support the theory that the free carboxyl group is an 
essential point of attachment. 

4. The fact that arginine and argininice acid behave peculiarly 
on titration has led us to believe that they possibly exist in solution 
in a rather stable ring structure. 
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INHIBITORS OF MILK-CURDLING ENZYMES 


By HENRY TAUBER 
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New York Homeopathic Medical College and Flower Hospital, New York) 


(Received for publication, June 25, 1934) 


The inhibitory effect of animal antiproteases such as those of 
blood serum and egg white is well known. Antiproteases, however, 
of protein nature similar to these have not been found in plants. 
The study of antiproteases is important in explaining certain 
biological phenomena. 

In the present paper we wish to report on a plant antiprotease 
which exerts a powerful inhibition on the milk-coagulating power 
of proteases. For this type of substance we suggest the designa- 
tion “chymoinhibitors.” This and other inhibitors serve to dif- 
ferentiate among the gastric proteases by affecting rennin and 
pepsin differently, and also tend to show why casein is precipitated 
by proteolytic enzymes. 

By a very simple method we have also been able to obtain, from 
the gastric mucosa of various animals, solutions which manifest 
selective inhibition, pointing to the individuality of the various 
proteases. 


EXPERIMENTAL 


Crystalline Urease a Powerful Chymoinhibitor—An aqueous solu- 
tion of crystalline urease containing 0.24 mg. per cc. and having 
pH 6.0 was prepared from jack bean meal. As is shown in Fig. 1, 
it inhibits milk clotting of rennin considerably, the inhibition 
increasing with increasing amounts of urease. If an aqueous 
solution of urease is adjusted to about pH 2.0, the inhibitory action 
as well as the ureolytic power is irreversibly destroyed. Thus it 
appears probable that the inhibitory power is a property of the 
urease molecule. Inhibitory activity is more stable on the alkaline 
side. 10 minutes boiling destroys the inhibitory power. Dialysis 
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does not affect the inhibitory action of urease. Similar results 
were obtained with crude H,0O extracts of jack bean. A 5 per cent 
aqueous jack bean extract was prepared by adding 100 cc. of dis- 
tilled H:O to 5 gm. of jack bean meal (Arlington Chemical Com- 
pany, No. 441008), stirred for 6 minutes at 22°, and filtered. The 
dry weight was 16 mg. per cc. The pH of the extract was 5.9. 
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Fig. 1. Inhibition of rennet action by crystalline urease. Increasing 
the amount of inhibitor increases the clotting time of milk. The aqueous 
solution of urease was at pH 6.1. For the determination of milk-clotting 
power milk of pH 6.3 (1) was used. The temperature was 37°. The pH 
measurements were made by the electrometric method. 





Inhibition produced by aqueous extracts of jack bean was far 
less powerful, calculated to dry weight, than that produced by 
crystalline urease. As may be seen in Table I, crude jack bean 
extracts inhibit the milk-clotting power of pepsin more than that 
of rennin. Crystalline urease shows similar differential inhibition. 
Milk coagulation by trypsin (pH 6.3) may likewise be inhibited. 
However, in this case the casein is digested without the formation 
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of a curd. There was no inhibition when the rate of digestion 
was determined by measuring the increase in carboxyl groups 
with casein as a substrate at pH 9.0. 

If to pepsin a small amount of jack bean extract and 10 cc. of 
milk at pH 6.3 are added, milk coagulation is inhibited; a heavy 


TaBLe I 
Showing Chymoinhibition by Crude Jack Bean Extracis 





. Clotting time of 
Experiment No. alk 





min. 


1 | 1 ee. pepsin 4 
2 .” “ + 0.1 ce. jack bean extract 23 
3 1 “ rennin 4 
4 Bs “+ 0.1 ec. jack bean extract 8 








In each of these experiments 10 cc. of milk of pH 6.3 were used. The 
pepsin was a preparation by Parke, Davis and Company, 1:10,000. For 
the preparation of rennin, see (1). 








TaBLe II 
Showing Marked Difference in Inhibition of Pepsin and Rennin by Blood 
Serum 

Experiment No. Clott ing. Stans of 
min. 
1 1 cc. pepsin + 0.1 cc. 0.9% NaCl 2 

2 ; “  +0.1 “ serum (10 times | Noclot in 120 

diluted with 0.9% NaCl) | min. 

3 1 cc. rennin + 0.8 ec. 0.9% NaCl | 2 
4* ey “ +08 “ serum (10 times 35 


diluted with'0.9% NaCl) | 


In each of these experiments 10 cc. of buffered milk of pH 5.0 were 
used (2). 
* 8 times as much serum was used. 


| 
| 





curd, however, will form if the mixture is heated. On the other 
hand, no coagulation takes place, even on boiling, if too much jack 
bean extract has been used. In the latter case an excess of pepsin 
subsequently will clot the milk. 

Substances Tested for Inhibitory Power—Soy bean extracts 
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showed good inhibition. Hemp seed extracts and sweet almond 
extracts showed slight inhibition. Common bean extracts and 
castor bean extracts showed no inhibition. A 1 per cent solution 
of soluble starch solution and a 1 per cent gelatin solution showed 
no inhibition. 

Differential Chymoinhibition by Blood Serum—aAs is shown in 
Table II, the difference in the inhibition of the milk-coagulating 
power of pepsin and rennin as produced by normal blood serum 
(man) is enormous. 0.1 cc. of serum 10 times diluted inhibits 
pepsin considerably (no coagulation in 120 minutes), whereas 8 
times as much serum inhibits rennin only slightly. As in the case 








TasBie III 
Showing Marked Difference in Inhibition of Pepsin and Rennin by Acetone 
Experi- 
ment Clotting time of milk 
No. 
min. 
10 ce. milk,| 1 1 ce. pepsin 5 
pH 5.0 2 :™ “ + 0.5 ec. acetone 180 
3 1 “ rennin 5 
4 . - + 0.5 ce. acetone 10 
10 ce. milk,| 5 1 “ pepsin 3.5 
pH 6.3 6 . “ + 0.5 ee. acetone No clot in 240 
min. 
7 “ rennin 3.5 
8 > “ + 0.5 ee. acetone 5.5 














of urease (above), the inhibitory effect disappears when the serum 
is treated with HCl (Hedin). It was found, however, that the 
degree of inhibition varies greatly with different sera. 

Differential Chymoinhibition by Acetone—Table III represents 
experiments showing rennin to be fairly resistant when 50 per 
cent of its volume of acetone is added to it; pepsin, however, is 
practically destroyed under similar conditions. Alcohol and 
glycerol, under the same conditions, produced only negligible 
inhibition. The tests for milk-coagulating power were carried out 
immediately after the addition of the acetone. The acetone was 
redistilled with calcium chloride and soda-lime as dehydrating 


agents. 
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Preparation of Specific Chymoinhibitors from Gastric Mucosa of 
Various Animals—Neutral CaCO; extracts of stomach mucosa of 
the pig, adult rabbit, chicken (sixteen chickens), and the fourth 
stomach of the calf were prepared by the method described by 
Kleiner and Tauber (3). To some of the extract an equal volume 
of 95 per cent ethyl alcohol was added and mixed. As in the case 
of rennin and pepsin (3, 4), all these preparations were inactive 
and could not be activated by adjusting to pH 1.0 with HCl 
(milk, pH 6.3). It was now found that these inactive zymogens 
exert a selective inhibition. Thus the inhibitor obtained from 
pig gastric mucosa (Table III) inhibits pepsin markedly, but rennin 
only slightly, whereas the inhibitor from the mucosa of the fourth 
stomach of the calf inhibits rennin to a considerable extent, but 
pepsin only very slightly. The inhibitor of the adult rabbit 
stomach mucosa inhibits pepsin but not rennin. No inhibition 
of either rennin or pepsin was shown by the inhibitor from the 
mucosa of the chicken stomach. Alcohol apparently has no effect 
when used in this proportion on either active rennin or active 


pepsin. 


DISCUSSION 


The fact that crystalline urease could not be digested at pH 7.0 
by trypsin caused Tauber and Kleiner (5) to assume that crystal- 
line urease may possess antitryptic properties. However, no defi- 
nite evidence was furnished by them. It seemed to the writer 
that, if this were the case, inhibition of milk-coagulating power 
of proteolytic enzymes should be manifested by urease. This was 
found to be true. Crystalline urease and crude jack bean extracts 
retarded the coagulation of milk by rennin, pepsin (Fig. 1, Table 
I), and trypsin considerably. Extracts of several other related 
plants were tested. Soy bean showed considerable inhibition; 
others showed only a trace or none. 

According to Linderstrgm-Lang (6), native casein is a system 
of three components, of which one acts as a protective colloid for 
the other two. An attack by any proteolytic enzyme on the pro- 
tective colloid under proper conditions (Ca content, pH, tempera- 
ture) causes milk to coagulate (formation of calcium paracaseinate). 
The experiments described above seem to prove this point. 
For example, if to trypsin a solution of crystalline urease and then 
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milk are added, no precipitation of the casein takes place and 
the casein is digested without curd formation. As in the case of 
pepsin the milk, to which a small amount of jack bean extract 
has been added, will only clot on boiling, when the added protective 
colloid is destroyed. The crystalline urease (protein) molecule 
acts as a protective colloid for the casein system. The author 
proposes the term “‘chymoinhibitor’’ for substances which retard 
the coagulation of milk by proteases; this, however, does not 








TaBLe IV 
Specific Chymoinhibitors from Gastric Mucosa of Various Animals 
A, 4 Clot formation 
min. 
1 1 cc. pepsin inhibitor (pig gastric None in 1080 min. 
mucosa) 
lec. pepsin + 1 cc. 50% alcohol 2 





” “ +1 “ pepsin inhibitor 6 
“ rennin+1 “ = ? Negligible inhibition 
e “ _ inhibitor (calf 4th stomach) No clot in 60 min. 


“« + lee. 50% alcohol 3 
- “ —~ +1 “ rennin inhibitor 20 
“ pepsin +1 “ . ” | Negligible inhibition 


CON OOF wd 
— ee 


nhibitor from adult rabbit gastric mucosa inhibits only pepsin 
but not rennin 
10 Inhibitor from chicken gastric mucosa inhibits neither rennin 


nor pepsin 








In each of these experiments 10 cc. of milk of pH 6.3 were used. The 
temperature was 37°. The pepsin is the acidified neutral extract of the 
pig gastric mucosa and the rennin is the acidified neutral extract of the 
gastric mucosa of the fourth stomach of the calf. 


necessarily mean that the inhibitor acts only on the enzyme, 
but rather that it interferes with the curdling process. 

Tables I, II, and III show that the milk-coagulating power of 
pepsin is much more easily retarded by either the protein urease, 
blood serum, or acetone than is that of rennin. Since these sub- 
stances are practically chemically indifferent, it is significant in 
the differentiation of these proteases. Table IV shows that specific 
chymoinhibitors may be obtained by the simple mixing of equal 
volumes of neutral extract of the respective gastric mucosa and 
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ethyl alcohol. The resulting solution then manifests selective 
inhibition; 7.e., a neutral extract of the fourth stomach of the calf 
plus alcohol inhibits rennin very well but does not inhibit pepsin 
from pig stomach. Similarly, a neutral extract of pig gastric 
mucosa plus alcohol inhibits pepsin but not rennin. 

These findings on the preparation of specific inhibitors are in 
agreement with the earlier (1911) work of Hedin (7), who also 
studied the effect of “rennin” inhibitors which he obtained by a 
different and more complicated method. Hedin studied the 
inhibition of the Labenzyme (rennins) by these inhibitors. Appar- 
ently, at that time it was not generally accepted that the pepsin 
of the adult mammal is a powerful milk-clotting enzyme, and it 
was not known that there is no rennin in the adult gastric mucosa. 
These interesting experiments of Hedin have not been taken up 
since, and the problem of the specificity of gastric proteases has 
not been studied with the use of modern methods (pH meas- 
urement). 

The above findings, and those published earlier (1, 3, 4, 8) from 
our laboratory, show that rennin and pepsin are distinct entities 
and that there is no rennin in the adult mammal’s stomach. Fur- 
ther experiments are in progress which indicate that the gastric 
proteases of animals differ with the species, i.e., they are “kind 
specific.” 

Acetone has been used by many enzyme chemists as a tissue- 
dehydrating agent. As may be seen from Tables III and IV, 
acetone and alcohol respectively not only inhibit certain en- 
zyme actions considerably but alter the zymogen of certain 
enzymes, which may result in an inactive powerful inhibitor or 
an enzyme of only slight activity. 


SUMMARY 


1. The protein, crystalline urease, is a powerful chymoinhibitor 
and, like serum and acetone, inhibits pepsin much more than 
rennin. Urease also inhibits the milk-coagulating power of trypsin 
but not its protein-hydrolyzing power. 

2. Experiments have been furnished which support the milk- 
clotting theory of Linderstrgm-Lang. 

3. From the gastric mucosa of the pig and the mucosa of the 
fourth stomach of the calf may be prepared selective chymo- 
inhibitors which point to the “individuality” of rennin and pepsin 
and also demonstrate that there is no rennin in pig gastric mucosa. 
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The author is indebted to Mr. D. I. Mishkind for technical 
assistance. 
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PREPARATION OF HIGHLY ACTIVE YEAST INVERTASE* 


By J. GEORGE LUTZ anno J. M. NELSON 
(From the Department of Chemistry, Columbia University, New York) 


(Received for publication, July 26, 1934) 


In some preliminary experiments it was found that certain yeast 
invertase preparations which had been variously purified by 
adsorption to kaolin and alumina in accordance with the Will- 
statter procedures (1) were soluble in saturated aqueous solutions 
of ammonium sulfate. This solubility of the enzyme is interesting 
for two reasons. In the first place, saturated aqueous solution of 
ammonium sulfate is regarded as almost a universal agent for 
precipitating enzymes from their aqueous solutions, and in the 
second place, because saturated ammonium sulfate solutions pre- 
cipitate practically all proteins so far tried. In other words, this 
peculiar behavior of the invertase brings up the question whether 
it contains an unusual protein, soluble in saturated aqueous solu- 
tions of ammonium sulfate, or whether it contains any protein at 
all. It seemed even more remarkable, when it was noticed that 
several other yeast invertase preparations, made in a similar 
manner, were almost entirely insoluble in this same reagent. This 
inconsistency was disconcerting until it was noticed that after 
the removal of the ammonium sulfate by dialysis, the soluble 
preparations were more active than before the ammonium sulfate 
treatment (2). 

Because the autolytic processes by which the invertase prepara- 
tions are rendered soluble in water consist of a degradation of 
substances constituting the yeast cell, by other enzymes present in 
the yeast (3, 4), it was suspected that the variations in the 
solubilities in saturated solutions of ammonium sulfate manifested 


* The work described in this paper is based upon part of a thesis sub- 
mitted by J. George Lutz in partial fulfilment of the requirements for the 
degree of Doctor of Philosophy in the Faculty of Pure Science, Columbia 
University. 


169 











170 Yeast Invertase 


by the different invertase preparations might be traceable to dif- 
fering conditions during autolysis. It was found that yeast 
autolyzed with toluene and 2 volumes of water at pH 5 (dilute 
acid autolysis) produced preparations which, after preliminary 
purification by alcohol precipitation and adsorption from the 
water extracts of the alcohol precipitates to kaolin and alumina, 
were in some instances about 80 per cent soluble in saturated 
aqueous ammonium sulfate solutions. On the other hand, those 
which had been autolyzed with toluene around pH 7 were almost 
totally insoluble, after the same preliminary treatment. 

The invertase preparations soluble in saturated aqueous ammo- 
nium sulfate solutions were also unique in that the precipitation 
tests, such as heat coagulation, phosphotungstic acid, trichloroacetic 
acid, tannin, and mercuric chloride, which are generally accepted as 
characteristic of protein, failed entirely. In carrying out these 
tests the solutions containing these preparations were concentrated 
so that 100 cc. contained at least 0.5 gm. of the enzyme prepara- 
tion. In one case the solution was concentrated to a 1 per cent 
solution. Even in this case all of the protein tests were negative 
except those which are likewise given by protein degradation 
products, viz. the tryptophane, xanthoproteic, and biuret tests. 
Applying these same protein tests to highly active yeast invertase 
preparations insoluble in saturated aqueous solutions of ammonium 
sulfate gave good positive reactions in solutions containing as little 
as 24mg.in 50 cc. The test for the presence of yeast gum in the 
preparation by means of the Salkowski method (5), viz. precipita- 
tion by means of hot alkaline copper solution, was negative. 
Likewise when heated for 2 hours with 20 per cent hydrochloric 
acid and then neutralized with alkali, the resulting solution gave 
no indication of cuprous oxide formation when treated with 
Fehling’s solution. On the other hand, the invertase preparations 
soluble in saturated aqueous ammonium sulfate solution gave 
strong Molisch tests for carbohydrate, indicating the presence 
of the latter, and also the Adamkiewicz (6) test for tryptophane. 
The presence of tryptophane in preparations which fail to respond 
to characteristic protein reactions may be of interest in connection 
with Willstitter’s (7) claim that he and coworkers have succeeded 
in obtaining preparations free from tryptophane. 

The yeast invertase preparations soluble in saturated ammo- 
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nium sulfate solution appear to be as active per unit weight of 
dry material as any so far reported in the literature, one prepara- 
tion having a time value! of 0.102 minute. 


EXPERIMENTAL 


Brewery yeast served as the source for the invertase prepara- 
tions. It was found that “discard’’ yeast from the brewery was 
not satisfactory for the preparation of the enzyme, since not only 
is the invertase content usually very low, but considerable diffi- 
culty was encountered in the purification of the preparations. 
Through the kindness of the Jacob Ruppert Brewery, New York, 
yeast which had only been used in one or two brews was used. 
The invertase content of the yeast was increased by the method 
described by Willstitter, Lowry, and Schneider (9). The yeast 
so treated was about 4 times more active than before enrichment 
and had a time value of about 56 minutes. 

Autolysis—The washed yeast was usually subjected to dilute 
acid autolysis. 10 kilos of washed and filtered yeast were mixed 
with 1 liter of toluene and kneaded until the mixture became 
thinly plastic (30 minutes to 1 hour). 20 liters of water, at 30°, 
were added and the mixture stirred mechanically until 80 to 100 
per cent of the enzyme had become soluble. This usually required 
2 to 3 days at 30° or 5 to 10 days at room temperature. The pH 
of the autolyzing solution was maintained at about 5 by means of 
dilute acetic acid or dilute ammonia. After autolysis the clear 
filtrate was aged by storing under toluene for 2 or more weeks. 

Precipitation by Alcohol—If in the aging of the autolysates any 
precipitate separated, this was filtered off and the clear liquid 
cooled by placing it in liter bottles and allowing it to stand in 
contact with cracked ice. Each cooled liter portion was mixed 
with a liter of ice-cold 95 per cent alcohol, infusorial earth was 
stirred into it, and the mixture was then filtered by suction 


1 O’Sullivan and Tompson (8) proposed what is known as the time value 
as a standard for measuring the degree of activity of invertase preparations. 
The time value is defined as the time in minutes required by 50 mg. of an 
invertase preparation for hydrolyzing 4 gm. of sucrose in 25 cc. of solution 
containing 0.25 gm. of monosodium phosphate monohydrate, at 15.5° to 
such an extent that, after mutarotation, the rotation (measured at 20°) 
referred to the D line of sodium light is0°. This corresponds to the hydrol- 
ysis of 75.93 per cent of the sucrose. 
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through a pad of infusorial earth on a Buchner funnel. The 
precipitate on the funnel was next washed with cold 95 per cent 
alcohol and sucked as dry as possible. The operation up to this 
point required from 10 to 15 minutes. The precipitates from each 
liter portion together with the admixed earth were mixed each 
with 1 liter of water, and the accumulated mass was extracted 
by stirring from 6 to 10 hours and filtering. In this way, a yield 
of 95 to 100 per cent of the original invertase was obtained in 
solution. 

Kaolin Adsorption—The Willstitter (10, 11) procedures for the 
use of kaolin in the purification of yeast invertase preparations 
were not found satisfactory for the preparation of the larger 
quantities of enzyme used in this work, because of the difficulty 
in handling such dilute solutions and also because the amount of 
acid used frequently inactivates considerable amounts of the 
enzyme. Furthermore the aqueous extracts of the alcohol pre- 
cipitates always contain considerable inorganic phosphates, which 
seem to make adsorption of the invertase to kaolin and alumina 
difficult. By first dialyzing the aqueous solutions, after the alcohol 
treatment, it was found that more concentrated enzyme solutions 
could be adsorbed in the presence of considerably less acetic acid 
(0.1 to 0.01 m) with equally satisfactory results. The following 
procedure was therefore adopted. 

The aqueous extracts from the alcohol precipitation were 
dialyzed in Visking sausage casings? (12) for 24 to 36 hours against 
running tap water. The dialyzed solutions were diluted so that 
1 liter contained about 10 units of invertase and cooled to 0°. 
After dialysis the pH of liter portions was made 3.5 by means of 
dilute acetic acid and 200 to 400 cc. of a 5 per cent kaolin suspen- 
sion were stirred in. The exact amount of kaolin was determined 
on a few small trial samples and so chosen that 90 to 95 per cent 
of the invertase was adsorbed. The suspension was next filtered 
off and washed theroughly with water. 

Elution from Kaolin—The active material resulting was released 
from the kaolin by suspending it in an equal volume of 0.5 per 
cent secondary ammonium phosphate, pH about 8, and stirring 
the mixture for about 15 to 30 minutes. The eluate (the term 


? Visking Corporation, Chicago. 
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eluate has been used to designate the solutions obtained by the 
process of elution) usually contained from 70 to 100 per cent of 
the adsorbed invertase units. In one or two instances, however, 
only 50 per cent of the invertase originally adsorbed to the kaolin 
was recovered in the elution. 

The principal effect of the adsorption to kaolin is the removal 
of yeast gum. Generally, after a single adsorption, the eluates 
gave no precipitate with alkaline copper solutions (Fehling’s 
solution) nor did they reduce Fehling’s solution after hydrolysis 
with acid. In the event that the gum was not entirely removed, 
then the eluate was dialyzed to remove salts, especially inorganic 
phosphates, and subjected again to adsorption to kaolin or alumina. 
If a second kaolin adsorption is resorted to, care must be taken, 
because the enzyme seems to be easily inactivated, even when 
very small amounts of acetic acid are used. It is also recom- 
mended to perform the adsorption at 0° and to wash with ice 
water. If considerable loss of enzyme occurs in spite of these 
precautions, then it is best to resort to adsorption to alumina in 
place of the second kaolin adsorption. It was usually found 
advisable to test a small portion of the preparation by means of 
the second adsorption to kaolin before deciding which of the two 
procedures should be adopted, there being taken into account 
not only the yield of enzyme in terms of units, but also the time 
value of the final product. 

Adsorption to Alumina—The eluate from the kaolin adsorption 
was dialyzed free of inorganic phosphate, and enouglr 1 per cent 
alumina suspension to adsorb 90 per cent of the enzyme was 
added, the mixture stirred for 5 to 10 minutes, filtered by suction 
through a pad of infusorial.earth, and finally washed thoroughly 
with cold water. The amount of alumina necessary to adsorb 90 
per cent of the invertase present in the solution was determined 
by several preliminary adsorptions, small samples of the solution 
being used. 

The invertase was eluted from the alumina by stirring with a 
volume of 0.5 per cent secondary sodium phosphate equal to the 
original amount of the invertase solution used in the adsorption 
toalumina. 10 minutes stirring usually were found to be sufficient 
for setting free 80 to 90 per cent of the enzyme. The suspension 
was clarified by filtering through a pad of infusorial earth and the 
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pH of the clear filtrate was adjusted to between 4 and 5. By 
dialyzing a portion of the filtrate against distilled water until 
free of phosphate, preparations were obtained having time values 
ranging from 0.3 to 0.2 minute. 

Ammonium Sulfate Treatment—The main portion of the solu- 
tion containing the invertase preparation eluted from the alumina 
was then concentrated by evaporation through Visking sausage 
casing until the concentration of the enzyme had reached the 
neighborhood of 50 units per 100 ce. and then filtered clear through 
infusorial earth, if necessary. Finely powdered ammonium sulfate 
was then stirred in until an excess had been added. The stirring 
was continued usually for 3 to 4 hours in order to make certain 
that the solution was completely saturated with ammonium 
sulfate. A cloudy precipitate always resulted from this treatment 
due to the separation of that part of the enzyme preparation insolu- 
ble in the saturated ammonium sulfate solution. By filtering 
through infusorial earth the ammonium sulfate extracts were 
obtained as a clear, colorless solution, containing from 70 to 90 per 
cent of the enzyme originally present in the solution obtained in 
the elution of the material from the alumina. 

To remove the ammonium sulfate, the solutions were dialyzed 
in sausage casings, either against running tap water or better by 
placing the sausage casings in a rocking dialyzer (13) for a day, 
followed by 3 to 6 days against distilled water, pH 6.5, in the 
electric refrigerator, until a sample no longer gave a test for sulfate 
ion. After dialysis, the solution was passed through glass funnels, 
provided with fritted glass bottoms. In this way invertase prepa- 
rations were obtained having time values of 0.102 to 0.11 minute. 

Determination of Time Value—25 cc. of an invertase solution, 
containing a known weight of the enzyme preparation, were added 
to 100 cc. of a 20 per cent sucrose solution, buffered at pH 4.4 with 
0.25 gm. of acid sodium phosphate monohydrate, and the solution 
was thoroughly shaken. Both solutions had been allowed to 
attain the temperature of the thermostat, 25°, + 0.01° before 
mixing. The delivery time of the pipette used was 10 seconds. 
The delivery from the pipette was started 5 seconds before the 
time recorded as the starting time of the hydrolysis. Four 25 cc. 
samples were withdrawn at suitable time intervals and the inver- 
sion stopped by the addition of a drop of saturated sodium hy- 








SSS Oe Seal llr CUS 


— 











J. G. Lutz and J. M. Nelson 175 
droxide solution. After 10 minutes (to allow for mutarotation) 
the rotations of the samples were determined in 2 dm. tubes at 
25° with the mercury are (A = 546.1 yu) as the light source. The 
per cent sucrose inverted was calculated by means of: per cent 
inverted = ((R — r)/(R — L)) X 100. R = initial dextro- 
rotation (25.04° for 16 per cent sucrose solution at 25°) and L = 
rotation after complete inversion (—7.32°). 0° rotation = 
25.04 / 32.36 = 77.38 per cent inversion at 25°. The time 
required for 0° rotation was determined graphically by plotting 
per cent inverted against time and noting the time corresponding 
to 77.38 per cent inversion. 

Ezample—1 ce. of a highly purified invertase preparation was 
diluted to 100 cc. and 25 ce. of the diluted solution were used in a 
hydrolysis as described above. 
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Time Rotation | Inversion 
7 min eae degrees per cent re 
0 25.04 
65 1.45 | 72.9 
70 0.36 | 76.3 
72 | 0.01 | 77.4 
74 78.5 


—0.30 





Zero time at 25° equaled 72.0 minutes. 


Since it is customary to report time values as based on hydrolyses 
conducted at 15.5° instead of 25°, the above value, 72.0 minutes, 
had to be multiplied by the factor 1.685, the ratio of the times 
required for the hydrolyses at the two respective temperatures, to 
reach 0° rotation. This ratio, 1.685, was determined by hydro- 
!yzing several sucrose solutions, similar in all respects, at the two 
temperatures, 25° and 15.5°, and then plotting rotation against 
time and noting the times, for the two temperatures, corresponding 
to the respective 0° rotations. In this way it was found that the 
hydrolyses at 25° reached 0° rotation 1.685 times faster than the 
one run at 15.5°. Hence, in case of the example given above, the 
time required for 0° rotation at 15.5° would be equal to 72 X 1.685 
or 121 minutes. 

Determination of Dry Weight—Since the time value is based on 
the activity of 50 mg. of solid material, it was necessary to deter- 
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mine the weight of the solid matter contained in a given volume 
of the enzyme solution. A method devised by Dr. E. L. Saul of 
this laboratory was used. Two thin walled glass bulbs of about 
25 ce. capacity, provided with a drawn out narrow open tip on the 
top, were balanced one against the other. A given volume of the 
enzyme solution was introduced into one of the bulbs, and this 
and its empty tare were both placed in a drying oven heated elec- 
trically to 110°. Clean dry air was blown through capillary tubes 
into both bulbs until the enzyme solution was evaporated to dry- 
ness (10 hours). Both bulbs were then sealed while still in the 
oven, after which they were cooled in a desiccator and again 
counterbalanced. The increase in weight was the weight of the 
dry invertase preparation. This method was used because the 
thin film of material obtained when invertase preparations are 
dried is extremely hydroscopic. By sealing the dry residue in a 
bulb, the material was prevented from taking up moisture during 
the weighing. 

Calculation of Time Value—With the invertase preparation 
used in the example of hydrolysis mentioned above, it was found 
that 16.3 cc. of the undiluted invertase solution contained 13.9 
mg. of solids. Since 1 cc. of this solution was diluted 100 times 
and 25 cc. of the diluted enzyme solution were added to 100 cc. 
of the sugar solution, it follows that 25 ec. of the hydrolyzing 
sucrose solution contained 0.05 cc. of the undiluted enzyme solu- 
tion, or 0.04264 mg. of solid enzyme preparation. From the defi- 
nition for time value! it will be seen that since 0.04264 mg. of 
enzyme preparation caused hydrolysis to 0° in 121 minutes at 15.5°, 
50 mg. of the preparation will only require (0.04264 x 121)/50 
= 0.103 minute, which according to definition is the time value 
of the preparation. 
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It has been known for many years that nitrous acid brings about 
a profound change in the protein molecule, but the nature of the 
change is as yet only partly understood. Van Slyke and Birchard 
(1) presented evidence that casein loses one-half its lysine nitrogen 
when deaminized. Dunn and Lewis (2) believed that the total 
amino nitrogen of casein and deaminized casein is the same. 
Wiley and Lewis (3) continued with the study of the amino acid 
content of deaminized casein and concluded that lysine is absent, 
more than half of the histidine is destroyed, arginine is unchanged, 
tryptophane is unaltered, and tyrosine partly destroyed. White 
(4) stated that the cystine content of casein is not reduced by 
deaminization. Steudel (5) demonstrated that deaminized casein 
is inadequate as a source of protein. The above papers should be 
consulted for a more complete review of the literature. 

Several years ago we became interested in the nutritional prop- 
erties of casein that had been treated with nitrous acid, and at- 
tempted to determine whether any essential amino acids other than 
lysine are destroyed by that process. The original problem was 
not solved but while this study was under way another, which is 
regarded as of more significance, came to our attention. This 
second problem is the development of anemia by rats which re- 
ceive deaminized casein. 


EXPERIMENTAL 


Albino rats are used as experimental animals. Originally they 
were placed under observation when approximately 28 days old, 


* Contribution from the Departments of Animal Husbandry and Agri- 
cultural Chemistry, Missouri Agricultural Experiment Station Journal 
Series No. 385. 
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but many of them died before any useful observations could be 
made. In subsequent studies the experimental periods did not 
begin until the animals weighed approximately 75 gm., when they 
have more resistance to the unsatisfactory diet. 

While under observation the animals are confined in individual 
metal cages. At present these have screen floors, with 0.5 inch 
to the mesh, but in the beginning the floors were of sheet metal, 
covered with sawdust. There is no reason to believe the type of 
floor has any special significance. The rations used are of the 
conventional synthetic type and the approximate composition is 
as follows: protein 10 to 35, milk fat 12.5, agar 2, salts (6) 4, cod 
liver oil 2, starch to make 100. The casein was deaminized by 
the method of Dunn and Lewis (2). In some cases a water ex- 
tract of yeast was included in the ration as a source of the vitamin 
B factors, and has usually proved satisfactory. In our experience, 
however, this preparation has not been entirely reliable, and we 
prefer a mixture of tikitiki' and liver extract.?, The daily dose is 
250 mg. of dry matter from each preparation. This supplement is 
always fed separately. Yeast has not been used because the pro- 
tein, or other constituents, it contains might be objectionable 
under some conditions. 

The only important variations in the rations were in the amount 
and kind of protein included. Some rations contained high per- 
centages in the hope that any partial deficiency might be remedied. 
Others contained lower percentages in the hope that any deleteri- 
ous effects might be minimized. Our data do not indicate that 
within the limits observed the amount of protein was of any special 
consequence, though the kind of protein was of decisive impor- 
tance. It would require an unreasonable amount of space to de- 
scribe all the modifications employed, and a complete description 
would serve no useful purpose. Table I shows the amount of pro- 
tein in representative rations, also the number of rats that received 
each type of diet. It should be understood, however, that Table 
I is not strictly accurate in that various modifications which 
proved to be of no significance are ignored. It is believed this 
simplification is not misleading and it makes possible the omission 
of a large amount of confusing and inconsequential detail. 


1 Prepared in this laboratory by the method of Wells (7). 
2 We are much indebted to Dr. David Klein of The Wilson Laboratories 
for generously supplying us with this material. 
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All rations in which deaminized casein was the sole source of 
protein were grossly inadequate. The rats that received them de- 
clined in weight from the beginning, and none survived longer 
than 40 days. It was taken for granted at the time that the de- 
ficiencies of deaminized casein are due solely to the destruction of 
one or more essential amino acids, and our efforts were directed 
towards their identification. It is well established that lysine can- 
not be recovered from the hydrolytic products of deaminized 
casein. If destruction of lysine was the only significant reaction 
that had taken place, then a combination of deaminized casein 


TaBLeE | 
Typical Rations, and Number of Animals Observed 











Constituents of rations 
Ration No. No. of rats 
Deaminised | Gelatia® Gliadint Casein 
per cent per cent per cent per cent 
1250 6 17.5 17.6 
1344 4 17.5 17.5 
1361 31 12.5 12.5 
1366 30 12.5 12.5 
1401 12.5 
1608 29 10.0 
1613 13 17.5 
1637 12 20.0 
1638 9 20.0 
1640 18 10.0 10.0 
1642 41 10.0 10.0 10.0 




















* Difco Bacto-Gelatine. 
+ Prepared in this laboratory. . 


and gelatin should supply a complete protein mixture. According 
to Dakin (8) gelatin contains 5.9 per cent lysine. This mixture 
extended the survival periods of the experimental animals but 
death was only postponed for a short time and there were no 
significant gains in weight. 

It was assumed that the slight improvement was due to the 
lysine supplied by gelatin, and that the ultimate failure was due to 
destruction of some other essential amino acid, one that is not 
present in gelatin. Tryptophane, tyrosine, and cystine are all 
either absent from gelatin or are present in traces only, so various 
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combinations of these amino acids were added to the deaminized 
casein-gelatin mixture. According to Mueller (9) methionine is 
present in gelatin, but since we were uncertain of its sufficiency, 
this amino acid was included with the others. The tyrosine, cys- 
tine, and tryptophane were prepared in this laboratory. They 
were not subjected to chemical examination, but it was shown by 
a feeding test that the cystine and tryptophane had the biological 
value expected. The methionine was a synthetic product.* The 
results were inconsistent, but it is possible that the addition of 
these amino acids prolonged the lives of the animals somewhat, and 
was responsible for slight though erratic gains in weight. They 
did not prevent final failure, however, so the supplements of amino 
acids were eventually discontinued. In the meantime it was ob- 
served that if the experimental animals survived as long as 6 or 
8 weeks, they became waxy white in appearance, and counts of 
the red blood cells confirmed our impression that they were se- 
verely anemic. The number of red cells usually fell well below 
2,000,000 per c.mm. before death, and in some cases the number 
was under 1,000,000. 

By this time it seemed clear that if the anemia and failure to 
grow were due to the lack of an essential amino acid it is one not 
recognized as yet. In addition, this amino acid is not only re- 
moved from casein by nitrous acid but it could not be present in 
gelatin in more than minimal quantities. The hypothesis that 
gelatin is deficient in an unrecognized essential amino acid does 
not lack plausibility, for it was shown by Jackson, Sommer, and 
Rose (10) that even if gelatin is fortified with all known essential 
amino acids it is still a very poor source of protein. It was de- 
cided, therefore, to combine deaminized casein with gliadin, but 
this protein proved to be of no more value than gelatin. It is 
well known that gliadin is deficient in lysine, so in some cases the 
mixture was reenforced with suitable additions of this amino acid. 
An example is shown in Section III of Fig. 1. Rats 3110 and 3112 
each received 65 mg. of lysine hydrochloride daily, and they main- 
tained their weights better than Rats 3109 and 3111 which did not 
receive the supplement. This improvement was slight, however, 
and there is no reason to believe that the decline in number of red 
corpuscles was delayed. 

’ Kindly supplied by Dr. C. S. Marvel, University of Illinois. 
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All three proteins, deaminized casein, gelatin, and gliadin, were 
then fed simultaneously but this combination was not superior to 
deaminized casein with gelatin alone. The growth rate was not 
improved and the severity of the anemia was not less pronounced. 
Too much space would be required to present a complete record 
of our observations, but typical examples are shown in Fig. 1. 

Neither gelatin nor gliadin was effective in preventing the ane- 
mia caused by deaminized casein and it was suggested that the 


RA 





Fig. 1. A ration that contains no protein other than deaminized casein 
is inadequate. Such a ration is only slightly improved by including in it 
either gelatin, or gliadin, or a mixture of the two. The initial weights of the 
animals, in gm., are shown in circles. The red blood cell counts, in mil- 
lions per ¢.mm., are shown in parentheses. A cross at the end of an age- 
weight curve indicates the time of death. 


failure was due to some error in the method of preparation. De- 
aminized casein was therefore omitted from some of the rations 
and gelatin and gliadin, singly and in combination, were used as 
the source of protein. Gelatin was also combined with casein. 
The results obtained were as expected. The rats which received 
gelatin alone declined in weight and few survived as long as 8 
weeks. Those that received gliadin gained in weight very slowly, 
but seemed to survive indefinitely. Those that received the mix- 
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ture of gelatin and gliadin did not grow rapidly but they did gain 
consistently. Those that received the mixture of gelatin and 
casein grew as well as those that received casein only. Evidently 
the failure of gelatin and gliadin to overcome the unfavorable 
effects of deaminized casein is not due to faulty preparation, or to 
any obscure interference on their part with alimentary function. 

At the time the observations on gelatin plus casein were being 
made we had not begun counting the red blood cells, but the 
growth rate of the rats makes it improbable that they were anemic. 
Red cell counts were made on the others, however, in order to 
determine whether anemia would develop in the absence of de- 
aminized casein. The rats which received gelatin as the only 
source of protein did not survive long, but they showed no tend- 
ency to become anemic. Those on gliadin had rather low red cell 
counts, but the anemia was not serious and was not progressive. 
The number of red blood cells seemed to come to an equilibrium 
at 4 or 5 millions per ¢.mm. Those that received gelatin plus 
gliadin varied between 6 and 7 millions perc.mm. The fact that 
the animals grow fairly well on the mixture of these two proteins 
is almost conclusive evidence that the untoward results of feeding 
deaminized casein are not due merely to the lack of some dietary 
essential. It seems reasonably certain that deaminized casein 
contains some substance which interferes drastically with the nor- 
mal metabolism. 

No effort was made to measure the toxicity of deaminized casein 
but the survival periods of rats that received it are a fairly reliable 
indication. Of twelve rats that received no protein other than 
deaminized casein, only two survived as long as 40 days. Of eight 
that received no protein other than gelatin, only two failed to sur- 
vive longer than 40 days. Of fourteen comparable rats on a “nitro- 
gen-free’’ diet, described in another publication (11) from the in- 
stitution, the shortest survival period was 44 days. Apparently a 
ration that contains no protein other than deaminized casein is 
less desirable than one that contains no protein other than gelatin, 
and is still less desirable than a ration that contains no protein at 
all. Our observations also give some indication that 10 per cent 
of deaminized casein is less injurious than 17.5 or higher percent- 
ages. The above data are summarized in Table II. 

It might be supposed that the failure to grow, when deaminized 
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casein was included in the ration, was a result of the developing 
anemia. However, the fact that growth ceased immediately when 
deaminized casein was supplied, lends support to the theory that 
anemia and failure to grow are correlated, but they are both the 
result of the same metabolic abnormality. 

The response of representative individuals to the four rations 
described is shown graphically in Fig. 2. 

It was thought for a time that nitrites retained by the deamin- 
ized casein as an impurity might explain the toxicity observed. It 














Taste II 
Survival Periods of Rats on Deaminized Casein and on Gelatin 
Deaminized casein Gelatin 

—— a Initial | Survival Rat No. | Percent- Initial | Survival 

ton cohion weight period in 7 weight period 

gm days gm. days 

6444 10 64 40 7066 20 71 52 
6449 65 40 7091 65 35 
6432 65 32 7197 60 53 
6447 64 32 7198 66 55 
2337 17.5 39 25 7092 65 40 
2340 39 18 7202 61 56 
8921 20 64 24 7067 69 52* 
8922 68 24 7200 64 59* 
8923 65 17 
8924 65 28 
2572 35 98 26 
2574 97 28 


























* The ration was changed at this time, and growth was resumed. 


was decided therefore to feed small quantities of sodium nitrite 
with casein itself, although no suggestion of the presence of ni- 
trites was obtained when a water extract of the deaminized prod- 
uct was tested. The nitrite was mixed with the vitamin B sup- 
plement, and 20 mg. daily had no perceptible effect. The rate of 
growth and the number of red blood cells both remained normal. 
In one group the amount was increased from 20 to 30 mg., and 
within 6 hours all animals were dead. It was concluded that if 
deaminized casein is toxic the toxicity is not.due merely to the 
presence of the NO, radical. 
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At this stage gelatin and gliadin were the only proteins that had 
been combined with deaminized casein, so it seemed desirable to 
make observations on others also. Accordingly casein itself was 
combined with deaminized casein. It seemed astonishing but the 
animals which received this mixture did practically as well as 
those on casein alone. The animals grew slowly at first, but this 
was due to the use of a new vitamin B concentrate which proved to 





Fie. 2. When gelatin, or gliadin, or a mixture of the two, was the sole 
source of protein the response was in accord with past experience. When 
gelatin was combined with casein there was no interference with the rate of 
growth. The anemia, and loss in weight, that developed when deaminized 
casein was combined with gelatin, or gliadin, or with both, was not due to 
any unsuspected aberrance of the preparations used. See Fig. 1 for ex- 
planation of the graph. 


be deficient in the antineuritic factor. When this deficiency was 
corrected a satisfactory growth rate was obtained. A control 
group, which received the same vitamin B concentrate but did not 
receive deaminized casein, is included for comparison, and these 
animals also made unsatisfactory gains while receiving this vitamin 
B preparation. It is likewise clear from other observations that 
the growth rate of rats receiving casein is not seriously interrupted 
when deaminized casein is included in the ration. The red blood 
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cells were also counted and the examples shown in Fig. 3 indicate 
a tendency for these to fall to a lower level on rations of deamin- 
ized casein and casein, than on casein alone. However, similar 
observations on a considerable number of other rats indicate that 
the injury caused by deaminized casein is avoided entirely by in- 
cluding an equal amount of untreated casein. 

At irregular intervals another abnormality has been encoun- 
tered, and it is hoped that it can be described in more detail in a 
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Fic. 3. Deaminized casein had no appreciable effect on the rate of growth 
when it was tombined with casein. The number of red blood cells, how- 
ever, was on a somewhat lower level than when casein alone was the source 
of protein. No evidence was obtained that the NO; radical is responsible 
for the deleterious action of deaminized casein. See Fig. 1 for explanation 
of the graph. 


subsequent publication. Of the anemic animals a total of twelve 
has developed a severe arthritis. Apparently the abnormal con- 
dition is limited to the wrists and ankles. The first symptom ob- 
served is a slight swelling which gradually becomes more pro- 
nounced until the diameter of the affected region may be increased 
2or3 times. This area also becomes violently inflamed, and ap- 
parently there is a marked increase at this time in the number of 
red blood cells. 

As a rule the earliest indication of this condition is found inthe 
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front feet, and usually all four extremities will in time become in- 
volved. It seldom happens that only one foot is affected. If the 
animals are transferred to a normal diet the inflammation and 
soreness soon disappear, but the enlargement is permanent. 

The experimental procedure was not designed to produce the 
maximum number of cases of arthritis, so it is not possible to es- 
timate with any precision the incidence of that condition. Many 
of the animals died before one could be sure there had been time 
for such an abnormality to develop. Many others were subjected 
to changes in the ration, in an effort to determine more specifically 
the cause of the anemia. If, however, only those animals are con- 
sidered that might reasonably be expected to develop arthritis, 
then the incidence is approximately 10 per cent. The arthritic 
condition is now being studied in detail. 


DISCUSSION 


When the anemia caused by deaminized casein was first ob- 
served, two possibilities were suggested. Either deaminized casein 
contains something which causes anemia, or it lacks something 
which is normally required to prevent it. The development of 
anemia on the combination of deaminized casein, gelatin, and glia- 
din indicates the first theory, but its failure to develop on the com- 
bination of deaminized casein and casein is consistent with the 
second. We are not finally committed to either hypothesis but 
have tentatively adopted the first. This is because, the known 
facts do not explain why anemia develops on rations that contain 
gelatin, gliadin, and deaminized casein and does not develop when 
deaminized casein is excluded. This theory assumes that casein 
contains a group which overcomes the toxic action of deaminized 
casein, and which does not occur in significant amounts in the 
mixture of gelatin and gliadin. If this assumption is correct there 
are undoubtedly sources of protein other than the mixture of gela- 
tin and gliadin which do not protect against anemia, and there are 
probably sources other than casein which do protect. The effec- 
tive agent may be an amino acid, but our data yield no evidence 
on that point. 

The significance of this type of anemia cannot be assayed until 
its origin is defined more precisely, but it may have very wide 
applications. It is reasonably certain that this method of study 
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opens a new field in the normal physiology of hemoglobin and red 
blood cell formation, and probably of other anabolic processes. 
Further applications must remain purely speculative for the pres- 
ent, but various possibilities deserve consideration. It may be 
that some nutrient which is normally required must be supplied in 
greater amount when deaminized casein is added to the diet. If 
there is such a nutrient the amount in carefully prepared synthetic 
diets may be reduced below the minimum requirement and so be- 
come the first limiting factor. Such a limitation could vitiate the 
interpretation of studies on vitamins, the biological value of pro- 
teins, and possibly on other dietary constituents. If there is such 
a nutrient its metabolism in some individuals may become abnor- 
mal and present a problem for the pathologist. 


SUMMARY 


1. Rats that received deaminized casein as the only source of 
protein survived for only a few weeks. 

2. Gelatin and gliadin together were an adequate source of pro- 
tein, but when deaminized casein was added to the mixture the 
animals became anemic, failed to grow, and died. 

3. When deaminized casein was combined with casein, anemia 
did not develop, there was little or no interference with the rate of 
growth, and within the period observed the rate of mortality was 


not increased. 
4. A small percentage of the anemic animals developed a severe 


arthritis. 
5. Some applications of these observations are indicated. 
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Isomeric Forms of Theelin—The earlier reports of de Jongh, 
Kober, and Laqueur (1931) and of Girard and coworkers (1932) on 
the identity of theelin from human and mare urine were followed 
by a paper by Butenandt and Stérmer (1932) who stated that the 
estrogenic substances from the two sources are not identical but 

_ isomeric. Butenandt found small differences in the melting 
points, the specific rotations, and light absorptions of the isomeric 
forms, the a and 8 follicular hormone, but the main points of 
divergence were in the physiological activity and the behavior 
of the benzoates. More recently, Butenandt and Jacobi (1933) 
have reported that they, too, have been able to isolate some of the 
a form from mare urine. An additional compound with the 
formula C:sH22O, but having a much lower melting point has been 
isolated by Schwenk and Hildebrandt (1932), thus giving a third 
isomer, the 6 follicular hormone: 

According to Butenandt the a modification is found in human 
urine and the 8 form in mare urine. He also found that rapid 
dehydration of the follicular hormone hydrate (theelol) at high 
temperatures, 190—200°, produces the 8 isomer but that the a form 
is produced at lower temperatures. While the probable structure 
of theelin is such that geometrical isomers are possible, we have 


* A preliminary description of the method of preparation was presented 
at the meeting of the American Society of Biological Chemists at Cin- 
cinnati, April, 1933. 
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not obtained any evidence of the existence of more than one form 
in human urine, mare urine, or the dehydration products of theelol. 
Furthermore, our work has led us to doubt the validity of evidence 
based on the melting points of the benzoate of theelin. Quite 
recently de Jongh, Kober, and Laqueur (1934) have published 
data on the benzoates of human and mare theelin which are 
quite similar to our results. 

Since the differences in the physical properties of the so called 
a and 8 forms were too small to be accepted as definite evidence 
and the benzoate of the a form has been shown to behave like the 
benzoate of the mare theelin, we have turned our attention to the 
most striking point of difference ; namely, the physiological activity 
of theelin from the various sources. Since the a form was reported 
to be several times as potent as the 8,.the bioassay seems to be the 
most satisfactory procedure to distinguish the two isomers. 

Our first approximately pure samples of mare theelin seemed to 
be slightly less active than the highly purified crystals from human 
urine. Purification by repeated crystallization of the mare theelin, 
preparation and recrystallization of the semicarbazone, followed 
by recovery of the theelin and similar treatment of the mother 
liquors from the above process gave several fractions, the combined ° 
weights of which amounted to 92 per cent of the original specimen. 
All of these fractions showed a potency of at least 12,500 mouse 
units per mg. by the assay procedure advocated by Butenandt. 
Furthermore, the carefully purified theelin prepared from theelol 
by dehydration and sublimation at 180—-200° possessed the same 
degree of activity. As the reader may see in the experimental 
portion we have obtained no evidence in favor of the existence of 
isomeric forms of theelin. 

Preparation of Mare Theelin—Theugh Laqueur, Butenandt, 
Girard, and others have prepared theelin from mare urine, details 
of the process and the yields have not been published. Since our 
earlier attempts to apply the process used for human urine were not 
attended with the expected success, we have introduced a number 
of changes which, however, are in reality founded upon our experi- 
ence with human urine. 

In our work with human urine (Veler, Thayer, and Doisy, 1930) 
it was found that preliminary hydrolysis with hydrochloric acid 
markedly increased the yield. Similarly, Zondek (1930) and 
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others (Stammler and Djatlowa, 1932; Lipschiitz and Poch, 1932) 
have shown that hydrolysis of mare urine with acid is necessary 
to convert the estrogenic substances into a form soluble in organic 
solvents. Even then, according to our experience, extraction 
with immiscible solvents is not practicable because of the turbid 
colloidal condition of the acidified urine and the marked tendency 
to form emulsions. 

In consideration of the difficulties of extraction and the very 
high concentration of theelin in mare urine we decided to attempt 
to remove the active substance through its own insolubility in acid 
aqueous media, using clarifying agents to assist in the filtration 
(Curtis, 1933). We are not certain that adsorption of theelin on 
the clarifying agents plays an important réle in the process but 
the removal of the precipitate containing the theelin from the acid 
urine was an impracticable process without its aid. The refining 
of the acid-insoluble material is based upon previously developed 
methods. 


EXPERIMENTAL 


Preparation of Theelin from Mare Urine—(a) The mare urine 
was acidified to Congo red with hydrochloric acid and enough 
more acid added to make the solution about 1Nn. (6) After stand- 
ing at least 1 week at room temperature, a concentrated aqueous 
solution of sodium benzoate in the proportion of 15 to 20 gm. per 
liter of urine was added with vigorous stirring. The mixture was 
chilled in the refrigerator, and (c) the suspension was filtered with 
suction on a large Buchner funnel. (d) The dried precipitate was 
leached with ethyl ether, thereby leaving an insoluble sludge. 
(e) The benzoic acid was removed from the ether by the addition 
of sodium hydroxide solution until the aqueous phase was just 
alkaline to phenolphthalein. The aqueous solution was washed 
with ether, the washings added to the main ether fraction, and the 
combined ether extracts were distilled to dryness. (f) The ether- 
soluble residue was dissolved in butyl alcohol and an equal volume 
of petroleum ether added. This solution was washed with small 
volumes of 5 per cent sodium carbonate until the washings were 
colorless. (g) 2 additional volumes of petroleum ether were 
added and the theelin extracted by shaking many times with 0.25 
n sodium hydroxide solution. The alkaline solution was acidified, 
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extracted with ethyl ether, and the ether distilled to dryness. The 
residue was dissolved in a small volume of ethyl alcohol and 
appropriate amounts of semicarbazide hydrochloride' and sodium 
acetate added. After refluxing 4 hours and cooling the semi- 
carbazone of theelin was filtered off. The semicarbazone was 
recrystallized from 95 per cent ethyl alcohol, norit being used for 
decolorization. (h) It was then hydrolyzed and the recovered 
theelin recrystallized several times from 70 per cent ethyl alcohol, 
norit being used as needed to decolorize the product. It was 
finally crystallized from 50 per cent acetone. M.p. 253.5-254.0°. 
The melting point was not depressed when the substance was 
mixed with theelin from human urine. 


Analysis—C, sH220.. Calculated. Cc 79.95; H 8.21 
Found. “ $0.06, 80.04; H 8.06, 8.14 


Notes on the Process—(The letters used below refer to the letters 
assigned to the steps of the process in the preceding section.) 

(a) Urine from mares pregnant for at least 100 days was used 
as a source of the raw material. The work of Cole and Hart (1930) 
on the serum of pregnant mares indicates that estrogenic sub- 
stances do not appear in the blood stream until this time. Al- 
though we have no definite experimental data showing that the 
active material is absent before the 100th day of pregnancy, it 
seems reasonable that comparatively little would be present in 
the urine when the concentration in the blood is very low. Fur- 
thermore, but little estrogenic material is excreted by the human 
during the earlier days of gestation. 

The urine as received from the farm was always alkaline owing 
to a large amount of carbonate. Consequently, acidification 
produced excessive foaming that was controlled by vigorous stir- 
ring. No antifoam agents were used because of the possible 
effect on clarifying agents used later. 

(b) The conversion of the theelin to a form soluble in organic 
solvents is conveniently carried out by allowing the acidified urine 
to stand at room temperature for a week. During this time a 
considerable quantity of precipitate which is chiefly benzoic acid 
settles out. The supernatant liquid is a colloidal suspension of 


! Girard has utilized a ketonic derivative in the preparation but to our 
knowledge no further statement has been made. 
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tarry material which makes an effective removal of the precipitate 
either by filtration or by centrifugation almost impossible. How- 
ever, it has been possible to prepare crystalline theelin from this 
precipitate without the use of clarifying agents, which fact casts 
some doubt on the importance of an added clarifying agent as an 
adsorbent. To facilitate the removal of the precipitate 15 to 20 
gm. of sodium benzoate in a concentrated aqueous solution were 
added for each liter of urine and the mixture stirred vigorously. 
The precipitated benzoic acid carries down most of the gummy 
material. 

An alternative method of removal of the theelin from the acidi- 
fied urine has been developed. By the addition of CaCh, MgCh, 
and Na,HPO, to the urine and then enough ammonia to produce 
a pH of 8 to 9 the precipitate which is formed clears the super- 
natant liquid of the tarry substances and thereby allows rapid 
filtration. The precipitate, consisting largely of phosphates, is 
dissolved in acid and the active material extracted with ether. 
The ether is distilled and the residue treated as described for the 
ether solution obtained after removal of the sodium benzoate. 

(c) The filtration of the benzoic acid precipitate presented some 
difficulty which was solved in the following manner. The urine 


‘was chilled and the supernatant liquid was decanted. 20 to 30 


gm. of sodium benzoate were then added to a small portion of this 
urine and the relatively clean benzoic acid which precipitated 
was poured on the filter paper preliminary to the filtration of the 
main batch. This produced a thin protective layer of benzoic 
acid which prevented the filter paper from being clogged by any 
unprecipitated gum. With only very gentle suction the filtration 
of 5 gallons may be carried out in 30 minutes. 

(d) The benzoic acid precipitate was dried to prevent the forma- 
tion of emulsions with the ether. After five leachings the ether- 
insoluble sludge from 5 gallons of urine contained less than 1000 
rat units. 

(e) The addition of a strong solution of sodium hydroxide to 
the ether caused a precipitation of sodium benzoate which could 
then be removed with water. Alkali was added until the aqueous 
phase remained faintly alkaline to phenolphthalein. After the 
extraction of the aqueous washings with ether the sodium benzoate 
solution may be used again on the next batch of urine. 
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(f) Washing with sodium carbonate removed a considerable 
quantity of tarry material and also caused a loss of 50 to 75 rat 
units per cc. This crude estrogenic substance was recovered by 
ether extraction after acidification of the carbonate solution. 
After distillation of the ether the residue was added to the butyl 
alcohol stage (f) of the next preparation. 

(g) The addition of petroleum ether to the butyl alcohol reduces 
the solubility of theelin, thereby increasing the efficiency of the 
extraction. However, even after twelve to fifteen extractions 
with 0.25 n NaOH there is a variable quantity of theelin in the 
butyl alcohol-petroleum ether mixture. Crystalline theelin has 
been prepared from this discarded fraction. The butyl alcohol 
and petroleum ether were removed by distillation and the residue 
boiled with hydrochloric acid dissolved in ethyl alcohol. Further 
treatment was the same as for the main fraction beginning at 
stage (f). 

(h) The hydrolysis of the semicarbazone was carried out by 
heating with 0.5 n hydrochloric acid dissolved in 50 per cent ethyl 
alcohol. The suspension was heated on a boiling water bath for 
1 to 14 hours. Longer heating or more concentrated acid caused 
the development of an excessive amount of color that was removed 
with difficulty. At the end of the hydrolysis period the acid was 
neutralized and the reaction mixture evaporated to about one- 
third its volume. This removed almost all the alcohol and re- 
sulted in the precipitation of crude theelin. 

Though our experience with mare urine is somewhat limited, in 
one instance we have obtained over 1 gm. of theelin melting at 
251-254° from 10 gallons of urine. In other experiments the yield 
was not quite so large. It is obvious, then, that the process 
advocated permits one to prepare large quantities of theelin with 
only a minimum amount of effort and expense. 

Preparation of Theelin from Human Urine—Samples of theelin 
from human urine were prepared according to the method de- 
scribed by Veler, Thayer, and Doisy (1930). For the purpose of 
further purification the samples were converted to the semicar- 
bazone, the derivative recrystallized, hydrolyzed, and the theelin 
recovered. The theelin was then repeatedly recrystallized from 
dilute alcohol, norit being used as needed to decolorize the solution, 
and finally recrystallized from dilute acetone. M.p. 253.5-254.0°. 
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Preparation of Theelin by Dehydration of Theelol—In their paper 
on isomers Butenandt and Stérmer reported that the theelin pro- 
duced by dehydration of theelol at 190-200° was of the same 
character as theelin recovered from mare urine, namely the 8 form. 
This report led us to attempt to prepare the 8 isomer in this 
manner. Our first experiments gave only a viscid red oil that 
could not be crystallized. Examination of the fused potassium 
bisulfate revealed the presence of free sulfuric acid. Preliminary 
heating of the crystalline salt under reduced pressure removed most 
of the acid and the resulting product proved to be satisfactory for 
the dehydration. However, excess heating seemed to reduce the 
dehydrating properties of the salt. The best results were obtained 
by heating the potassium bisulfate (Kahlbaum’s Zur Analyse) 
in 2.5 gm. batches for 4 hours at 200° under a pressure of 0.03 
to 0.06 mm. 

The dehydration of theelol was accomplished by grinding 100 
mg. of theelol with 1 gm. of prepared potassium bisulfate; this 
mixture was transferred to a distilling tube and heated at 180- 
200° under a pressure of 0.03 to 0.06 mm. for 24 to48 hours. The 
sublimate was removed, an additional gm. of potassium bisulfate 
ground with the residue, and the sublimation repeated. The two 
sublimates were combined, and the semicarbazone made in the 
usual way. It was recrystallized, hydrolyzed, and the recovered 
theelin purified by repeated recrystallizations from dilute alcohol 
and acetone.2. M.p. 252.5-253.7°. 


Comparison of Specimens of Theelin 


Melting Point—The melting points of samples and their deriva- 
tives were taken in an open oil bath with a 360° Bureau of Stand- 


? Examination of the mother liquors from the semicarbazone disclosed 
another compound of especial interest. A considerable quantity of brown 
needles precipitated on concentrating the mother liquors. Since purifica- 
tion by recrystallization was not effective, fractional sublimation under 
reduced pressure (0.05 mm.) was utilized, the largest fraction subliming at 
between 85-105°. Recrystallization produced a pure white product that 
darkened on standing in air but which remained colorless in an evacuated 
desiccator. M.p. 141-141.5°. Elementary analysis: C,sH»O, calculated, 
C 85.71, H 8.00, molecular weight 252; found, C 85.74, 85.81, H 7.83, 7.77, 
molecular weight (Rast) 248. This compound appears to be formed by the 
removal of 2 molecules of water, leading to the formation of two double 
bonds. 











198 Preparation of Theelin 


ards long stem thermometer. The temperature was increased at 
a rate of 2-3° per minute. Selected melting point tubes of uni- 
form size were used. All melting points reported are uncorrected 
unless otherwise noted. Since it was usual to carry two or three 
samples through a procedure at the same time, melting points were 
taken simultaneously on the same thermometer stem. This 
allowed direct comparisons under identical conditions. 

Our melting points taken as just described seem to give results 
somewhat lower than those reported by Butenandt. For example, 
a specimen of theelol which we observed to melt at 274° he reported 
as melting at 279-280° (Butenandt and Browne, 1933). There- 
fore, we believe that if melting points of our theelin were taken 
under Butenandt’s conditions the temperature would be at least 
as high as that reported for the 8 form (257°). 

Specimens of theelin from human and mare urine, and from 
theelol had identical melting points, 253-254°, thus affording no 
evidence of difference. The melting points taken with a short 
stem calibrated thermometer were 261.5-262.5°. Mixed melting 
points show no depression. 

Specific Rotation—Specific rotations were determined on alco- 
holic solutions of theelin and on dioxane solutions of the benzoates, 
a sodium flame being used for illumination. The solutions were 
contained in a 2.2 dm. tube fitted with an inner cylinder to reduce 
the volume of solution necessary. All readings were made inde- 
pendently by two observers. The accuracy of the determinations 
was limited by the solubility of the compounds. Since the ob- 
served rotation was small, usually in the neighborhood of 1°, small 
differences in the specific rotation are not significant. An error of 
0.02° in the observed rotation would cause a variation of 4—5° in 
the specific rotation. The results given in Table I indicate identity 
of theelin from the three sources. 

Comparison of our data for specific rotation with those already 
published is not advisable owing to the difference in solvents. 
In both Butenandt’s and Laqueur’s laboratories, chloroform has 
been used, while in our experiments the theelin was dissolved in 
95 per cent ethyl alcohol. We are in agreement with de Jongh, 
Kober, and Laqueur (1934) in that the high specific rotation of 
mare theelin is due to impurities, possibly Girard’s (1933) équzline, 
that may be removed by recrystallization. On recrystallization 
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of a large sample of mare theelin from five different solvents, the 
specific rotation of the material recovered from the mother liquors 
was in each case higher than the specific rotation of the main 
fraction. 

Assay—Since our assays were conducted before the International 
Standard became available, all samples were assayed by at least 
two methods; the procedure of Kahnt and Doisy (1928) on rats 
and Butenandt’s (Butenandt and von Ziegner, 1930) on mice, and 
some also by a third method (Marrian and Parkes, 1929) on mice. 
In every case groups of twenty animals were used. With rats, 




















TaB_e I 
Specific Rotation of Theelin and Theelin Benzoates — 

Tem-| Gm. 
Preparation No. Solvent pera-| per 100) a@ | [aly Source 

ture cc. 

. 
D-260 95% ethyl aleohol | 26 (0.3083/1.08) 158) Human theelin 
Na-218 95% “ " 27 |0.3483)1.28) 167 ™ ” 
D-219 9% “ ° 27 |0.3366/1.21) 163 - “ 
D-32-e 3% “ " 26 |0.3250)1.22) 171) Theelol 
D-321 9% “ ™ 26 |0.2900/1.07| 168 4 
03 95% “ * 30 |0.3166)1.17| 168 * 
2 95% “ “ 26 |0.3683/1.31) 163) Mare theelin 
10 0% “ ' 27 |0.3000/1.08| 1645 “ a 
Q-4 (benzoate)! Dioxane 30 |0.2833/0.75| 120) “ a 
Q-8 - ° 30 |0.3583)0.94| 119) Theelol 
Q-9 " i 30 |0.2933/0.76) 118; Human theelin 
Q-10 ” - 32 |0.3700)/0.99) 122 = " 
a RS 32 |0.3500/0.91| 118) Mare « 

















injections of aqueous solutions were made in three portions at 
44 hour intervals. Results were observed on the 3rd and 4th days. 
According to Butenandt’s procedure one injection of an oily 
solution was made and smears were taken on the 3rd and 4th days. 
Aqueous solutions have been used with mice in a few cases (Mar- 
rian-Parkes procedure). In this case the dose was divided into 
four fractions injected at 12 hour intervals and the reaction noted 
after the usual time interval. A 75 per cent response was required 
when the first two methods were used and a 50 per cent response 
with the last one. 
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When rats were used some variation of activity of the samples 
was noted. In mice, however, this variation diminished almost 
to the vanishing point. In no case did the variations approach 
the magnitude of deviation of the a and 8 forms reported by 
Butenandt. Such discrepancies as we observed may be more 
readily explained on a basis of variation of animal response or slight 
impurities of the preparation than by the existence of isomeric 
forms (see Table II). 

We have found that an accurate assay of any unknown is an 
exceedingly difficult problem unless one uses a crystalline standard 
of reference. Occasionally we have found a variation of as much 
as 100 per cent in the assay of a preparation, rats seeming to be 



























TaB_e III 
Recovery and Activity of Fractions of Preparation 2, Original Weight 1.200 Gm. 
Fraction No. M.p. Recovery Assay* 
‘ 
~~. mg. | per cent 
7 253 -254 696 58.0 14,000 
7-a 253 -254 304 25.3 14,000 
7-b 253.5 77 6.4 12,500 
7-0 253 -254 | 31.7 | 12,500 
Total | 1108.7 | 92.3 
7-d 13.2 (solids) <1,000 








* Mouse units per mg. 


somewhat more variable than mice. This will be discussed in 
greater detail in a contribution by Dr. 8. A. Thayer. 

Derivatives—T he acetate, monomethyl ether, and benzoate have 
been prepared for comparison. The acetate was prepared by re- 
fluxing theelin with acetic anhydride in the presence of sodium 
acetate. It was crystallized from dilute alcohol with norit and 
then fractionally sublimed under reduced pressure. The sublimate 
was recrystallized from dilute alcohol. The acetate was easily 
recrystallized and differing from the benzoate showed no peculiari- 
ties of behavior. M.p. 125.5°. 

The monomethyl ether was prepared’ by shaking an alkaline 


* Our thanks are due to Dr. Louis Levin for the preparation and purifica- 
tion of these derivatives. 
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solution of theelin with dimethyl sulfate. After heating the mix- 
ture the derivative was filtered off and recrystallized from dilute 
alcohol. The melting points of the methyl ethers and acetates 
failed to indicate isomeric forms in our specimens of theelin. 

Our experience with the benzoates, which Butenandt recom- 
mends for characterization of the isomers, has been most interest- 
ing. The benzoates were prepared by shaking an alkaline solution 
of theelin with benzoyl chloride. After cooling, the precipitate 
was removed, washed with water, and crystallized from dilute 
alcohol. Although the melting points of our first samples were in 
all cases 217° + 1° the temperature at which these specimens re- 
melted varied from 204—217°. To effect a further purification the 
specimens were subjected to fractional sublimation under reduced 
pressure and the sublimate recrystallized from dilute alcohol. In 
some of these preparations (see Butenandt and Stérmer, 1932, p. 
139) we observed two kinds of crystals, needles and diamond- 
shaped plates. The plates seemed to have a greater density than 
the needles and appeared to be less readily soluble in alcohol. 
On the basis of this latter property a separation of the two forms 
was accomplished. 

A reexamination of the peculiar behavior of the benzoates was 
immediately begun, larger samples of the derivative prepared from 
our most carefully purified theelin being used. The initiation of 
crystallization by careful, slow evaporation of the diluted solvents 
and allowing the crystallization to take place in the hot solution 
resulted in the conversion of most of the sample into the plate 
form. The addition of a little of the organic solvent to dissolve 
the needles present, followed by slow evaporation on a water bath, 
completed the conversion. On the other hand, rapid cooling of a 
concentrated solution of the derivative in the diluted solvent 
results in the formation of the needle form of crystals. Both 
forms have identical melting points, 217.5-218.0°, and have been 
obtained from a specimen of theelin from all three sources. 

The variability of the temperature of remeiting seems to be de- 
pendent on the rate of heating, the temperature above the melting 
point to which the sample is heated, and whether it is allowed to 
cool in the oil bath or in air. In other words, it is probably de- 
pendent on the amount of decomposition occurring during heating. 
Samples that are heated quickly to the melting point and re- 
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moved from the oil bath immediately on melting, remelt at 217°. 
However, if heated slowly, allowed to cool slowly, and solidify in 
the oil bath, a lower remelting temperature will be observed. 

Fractionation of Mare Theelin—In a further attempt to prepare 
the 8 isomer a specimen of mare theelin was fractionated by crystal- 
lization and the mother liquors were also fractionated. No indica- 
tion of a less active form was obtained. Preparation 2 (1200 mg.) 
was recrystallized several times from dilute ethyl alcohol and then 
from dilute acetone (Fraction 7 in Table III). The motherliquors 
were combined and another crop of crystals recovered (Fraction 
7-a). The material remaining in the mother liquors was converted 
to the semicarbazone and the derivative recrystallized. On 
hydrolysis of the derivative another crop of theelin was recovered 
(Fraction 7-b). The mother liquors of the semicarbazone recrys- 
tallization and of Fraction 7-b were combined and again treated 
with semicarbazide hydrochloride. The semicarbazone was 
recrystallized, hydrolyzed, and a fourth crop of crystals recovered 
(Fraction 7-c). The remaining mother liquors were hydrolyzed 
and are designated as Fraction 7-d. 

Of the 1200 mg. of the original sample 1108.7 mg. or 92 per cent 
were recovered in four crystalline fractions. The melting points 
of all four fractions were between 253-254°. Each crystalline 
fraction assayed 12,500 mouse units per mg. or more by the method 
of Butenandt on mice. This activity is slightly greater than that 
reported by Butenandt for the a form. The activity of the 
unrecovered material in the final mother liquors (Fraction 7-d) 
was equivalent to about 1 mg. of the crystalline material. If all 
the activity of this fractiqn was due to the 8 form, it could not 
contribute more than 0.001 of the activity of the original sample. 
The recoveries and assay are as shown in Table III. 


DISCUSSION 


The basis for the differentiation of the a and 8 forms of the fol- 
licular hormone was small differences in the melting points, specific 
rotation, and ultra-violet absorption and marked differences in 
the assays and in the behavior of the benzoates. Since the dif- 
ferences in the physical constants were too small to be accepted 
as trustworthy evidence the main points of difference found by 
Butenandt were the two last mentioned. 
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Our work in agreement with de Jongh, Kober, and Laqueur 
has shown that the benzoate of theelin from human urine gives the 
same peculiar behavior supposed to be characteristic of the 8 
isomer. It is, therefore, obvious that the differences found by 
Butenandt for the benzoates cf human and mare theelin cannot 
be regarded as evidence for the existence of isomers. 

The remaining point of difference, namely the potency of theelin 
from different sources, is difficult to explain. Accurate bioassay 
is beset with uncertainties but in our experience the assays of a 
preparation never show the divergence that Butenandt found for 
human and mare theelin. We have found that the same prepara- 
tion on different occasions may differ by as much as 100 per cent 
in activity but never by as much as the difference of 600 to 800 
per cent observed for the a and 6 forms. 

Our assays for some of the crystalline products show a slightly 
greater activity than that reported by Butenandt for the a form. 
No significance should be attached to these differences; it is in fact 
surprising that two laboratories agree so well without resorting to 
the same standard of reference. Now that the International 
Standard is available, it is probable that a repetition of the assays 
would give a much closer agreement. 

Concluding our remarks on assay, we can only point out that in 
spite of much careful work, including fractionation of mare theelin 
and the preparation of theelin from theelol, we have obtained no 
evidence of the existence of the 8 isomer. Needless to say, this 
is not positive evidence against the existence of this form. 


SUMMARY 


1. A satisfactory method for the preparation of theelin from the 
urine of pregnant mares is described. The theelin is removed by 
virtue of its insolubility in acid aqueous media and purified by 
adaptations of methods already in use. 

2. The physical and physiological characteristics of theelin 
prepared from human urine, from mare urine, and from theelol 
have been determined on specially purified specimens. The ob- 
served differences were too small to be regarded as evidence in 
favor of the existence of the a and 8 isomers. 

3. Fractional crystallization of a large sample of mare theelin 
led to the conclusion that if a less active form was present in this 
sample it contributed less than 0.001 of the activity of the material. 
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FACTORS AFFECTING CHOLESTEROL DEPOSITION 
IN THE TISSUES OF RATS 


I. DIFFERENCES IN THE LIVER LIPIDS OF MALES AND FEMALES 


By RUTH OKEY, HELEN L. GILLUM, ann EDITH YOKELA 


(From the Laboratory of Household Science, University of California, 
Berkeley) 


(Received for publication, July 19, 1934) 


Several investigators (1-3) have reported that the feeding of 
cholesterol affects the lipid content of certain tissues of the rat, 
notably the liver. Variations in the amount of cholesterol ester 
deposit observed have been sufficient to indicate the desirability 
of careful study of the conditions under which the sterol feeding is 
done. Variability in the ease with which different human beings 
develop pathological conditions involving deposition of cholesterol 
or cholesterol ester also suggests the value of careful attention to 
the experimental conditions conducive to its deposition in the 
tissues. 

Our primary intention has been to study the effect of variations 
in the general diet on the tissue lipids of animals fed cholesterol. 
However, in the course of our first feeding experiments, there 
seemed to be a definite indication of sex difference in toxicity of the 
cholesterol. Search of the literature revealed only one recent 
paper dealing with sex differences in the cholesterol content of 
tissues, that of Chamberlain (4). He used rabbits, and while 
the differences in cholesterol content of the adrenals observed were 
significant, he makes no report of dietary control or even of uni- 
formity in his feeding. It has seemed worth while, therefore, to 
analyze the tissues from a considerable series of animals on diets 
which would offer as little complication as possible in the study of 
sex differences in tissue lipids before proceeding to the study of the 
effect of deficient or unbalanced diets. 
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EXPERIMENTAL 


The litters of rats used were cut to eight in number, four males 
and four females. Of these two of each sex were fed cholesterol 
and two served as controls. The rats were placed on the diet at 
weaning and fed for approximately 60 days before killing. 

The diets used were as follows: 


Control Diet I 


per cent 
i lee sw nik diamn Se emi .. 20 
Salts (Osborne and Mendel (5)).....................0.0.ee0e 4 
edie et here beGhsiknhwe akbadwie ates arediacatdire 4 
OTD A AD) Sot 0 No Os eo eu a hb apis Wade d had Wecew bees 10 
a la a a rl 62 


Experimental Diet I—This was the same as above except that 
cholesterol amounting to 1 per cent of the diet by weight was dis- 
solved in the heated Crisco and incorporated into the diet by 
careful mixing. 

Control Diet II—This was like control Diet I except that Crisco 
was reduced to 5 per cent and the starch was proportionately 
increased. 

Experimental Diet II—This was the same as above with 1 per 
cent cholesterol incorporated into the Crisco. 


Control Diet III 


cent 
Egg yolk protein (completely extracted by alcohol and ether). 8. 4 
Casein (completely extracted by alcohol and ether)......... 11.6 
ee ae ces ee NEG vile te een Bat o's 5 15 
Stee aii coat beens Arestasruhiiter ans elena h+ke ers ide 4 
REST AR Mite fag SLIM SE ete the a nl ee ee 3 
Se SUPE IT Be Sn etree ee Oa, Cees Ree eee 58 


Experimental Diet III—This was the same as above with 1 per 
cent cholesterol incorporated into the Crisco. 

The control diets were undoubtedly not entirely sterol-free. 
But, aside from the vitamin supplements, they contained so little 
sterol that the ether extract from 20 gm. failed to give a positive 
Liebermann-Burchard reaction. It will be noted that these diets 
are also practically lecithin-free. The vitamin supplements used 
were Squibb’s cod liver oil, Northwestern yeast, during the first 
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6 weeks of the experimental period, Harris’ yeast extract the last 
part of the feeding period. 

At the close of the feeding period the animals were killed by 
cutting the nerve centers at the base of the brain. Blood samples 
were taken from the heart and the organs removed as quickly 
as possible; one sample was weighed for moisture content and 
another weighed, ground with sand, and placed in redistilled alco- 
hol for extraction. Extraction was carried out by boiling with 
three or four portions of redistilled 95 per cent alcohol and then 
repeated with redistilled peroxide-free ethyl] ether until the Lieber- 
mann-Burchard reaction of the residue from the ether extract was 
negative. The alcohol and ether extracts were filtered, combined, 
made up to volume, and aliquots used for analysis. 

Analyses—The figures given for free and total cholesterol were 
determined by the methods of Okey (6). Total cholesterol was 
also determined by the colorimétric procedure of Bloor (7). On 
the liver extracts from the cholesterol-fed animals the two methods 
have been in fairly good agreement. In the controls, however, 
the difference in shade of the color of the liver extract and that of 
the standard made accurate comparison by Bloor’s method im- 
possible. 

Fatty acid and lecithin were determined by the microoxidation 
procedure of Bloor (8). 

Moisture determinations were made by drying the weighed 
samples of tissue in the vacuum oven at 50—60°. 


DISCUSSION 


The means of our observations on a group of approximately 
twenty-four males and twenty-one females (the number which 
survived the full feeding period) are summarized in Table I. 
Values for a like group of control animals are given in Table II. 

It will be seen in each case that there is a slightly higher fatty 
acid content in the livers of the females; one, however, which is of 
doubtful statistical significance. On the other hand the total 
cholesterol is higher in the males in each case—and the esterified 
fraction is responsible for the difference, which is statistically 
significant. 

The almost complete lack of esterified cholesterol in the livers 
of the female controls is noteworthy. The total cholesterol fig- 
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TaBLeE I 


Differences in Liver Lipids of Male and Female Rats Fed 1 Per Cent 
Cholesterol with 5 and 10 Per Cent Fat (Mean Values) 




















Males Females Difference 
Weight of rat, gm.......|169 + 6.3 |146 + 3.8 | 23 + 7.4 
“ <r 6.8 +0.3 6.0 + 0.2 0.8 + 0.35 
Fatty acid, % moist 
weight of liver...........| 14.5 +0.4 | 15.7 + 0.47] 1.2 + 0.6 
Total cholesterol, % moist 
weight of liver.. ; 6.3 +0.12; 5.1 +0.16/ 12 +0. 
Esterified cholesterol, % % 
moist weight of liver.....| 6.0 +0.12| 4.8 +0.17/} 1.2 +0.21 
Free cholesterol, % moist 
weight of liver......... .| 0.28 + 0.045) 0.35 + 0.035) 0.07 + 0.057 
Total cholesterol, mg. per | 
iitabeteodi: tassel 420 +20 (307 415.5 |113 +25 
Total cholesterol, % dry | . 
weight of liver........... 15.2 + 0.42/ 11.7 +0.34|) 3.5 + 0.54 
Lecithin, % moist weight 
NS was onoxs sacs 3.1 + 0.047) 3.0 + 0.040) 0.1 + 0.06 
TaBLeE II 


Differences in Liver Lipids of Male and Female Control Rats Fed 5 and 
10 Per Cent Fat, N 0 » Added Choleste rol (Mean Values) 

















Males Females Difference 
Weight of rat, gm.......... 161 +5.2 136 +3.4 |25 46.2 
™ i 4.7 +0.026) 4.4 +0. omg 0.3 +0.029 
Fatty acid, % moist weight | | 
2 ee | 6.2 +0.21 | 7.7 +0.49 1.5 +0.53 
Total cholesterol, % moist | 
weight of liver.. ae ..| 0.42 +0. 014, 0.31 +0. 014! 0.11 +0.019 
Esterified cholesterol, % | 
moist weight of liver....... 0.14 +0.008) 0.02 +0.017) 0.12 +0.02 
Free cholesterol, * moist 
weight of liver.. ‘ .| 0.28 40.018) 0.30 40.018) 0.02 +0.025 


Total cholesterol, mg. ‘per vat. 18 +1.02 | 14 +1.14 | 4 +1.5 
“ “ 
%o ary 





weight of | liver. . | 1.2 40.05) 1 40.05 | | 0.2 +£0.07 
— % moist ‘weight of 
liver. . secesssceeeeeeess| 8.3 20.047) 3.1 40.029 0.2 +0.055 
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ures summarized in Table I show only a slightly greater degree 
of variation among the different females of the same group than 
among the males. We should note, however, that the reaction of 
the females of the groups of rats placed on unbalanced diets, 
especially those lacking in vitamin B (9) was more striking than 
that of the males. The females of one cholesterol-fed group 12 
days after deprivation of vitamin B complex had a liver cholesterol 
content of 2.9 per cent as against 7.1 per cent for the cholesterol-fed 
litter mates with an adequate vitamin intake, a difference of 4.2 
per cent; while the corresponding figures for similarly treated male 
litter mates differed by only 1.5 per cent. In general, we seem 
justified in concluding from our figures that the liver cholesterol 
of female animals is not only usually lower, but also more suscepti- 
ble to lowering than that of males. While it is perhaps idle to 
speculate too much on the reason for this, nevertheless our data 
seem to show that the liver constitutes the largest storehouse, 
outside the central nervous system, for cholesterol; and the only 
storehouse which is very greatly influenced by diet. If we postu- 
late that the cholesterol ester held in the liver is simply an inert 
storage form of a substance which, when free, may be regarded 
as metabolically very active, we may be justified in concluding that 
the capacity of the female rat to store cholesterol in this inert form 
is more limited than that of the male. Our data also suggest that 
the female habitually does not store cholesterol ester in the liver 
unless the diet supplies cholesterol in fairly large amount. This 
may mean that the female has an extra cholesterol requirement, 
possibly that there is some phase of the metabolism of the female 
sex organs which demands cholesterol. Chamberlain (4) believed 
that the higher level of cholesterol which he observed in the adre- 
nals of female rabbits was due to storage for use in pregnancy. He 
found that, during pregnancy, the extra cholesterol in the adrenals 
disappeared. Likewise, while he does not seem to consider it 
significant, his figures show a lower level of cholesterol in the livers 
of females than of males, and a lower level in the livers of pregnant 
than of non-pregnant females. 

In our own laboratory we have observed (10) a cyclic variability 
in blood cholesterol in women linked with menstruation which 
seems to indicate some mobilization at the time of ovarian and 
uterine activity. While the ovary and especially the corpus 
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luteum contain considerable cholesterol at the time of most active 
metabolism, nevertheless the total amounts so stored are not 


very great. 

The similarity between the new formula for cholesterol and the 
structures postulated for theelin and theelol (11) suggests the 
possibility that the syntheses of these hormones may in some 
way involve cholesterol as an intermediate and that the amount of 
hormone which is normally synthesized in the female may be 
greater than that of the male hormone. These possibilities at 
least suggest interesting fields for future work. 
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THE DETERMINATION OF IRON IN BIOLOGICAL 
MATERIALS 


By THEODORE G. KLUMPP 
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Medical Service of the New Haven Hospital, New Haven) 


(Received for publication, April 11, 1934) 


In an attempt to find a method for the determination of iron 
that could be used for the clinical study of iron metabolism, certain 
colorimetric procedures (1, 2) were studied. Some difficulties 
were encountered with these techniques and especially in their 
adaptation to the measurement of minute amounts of iron in such 
diverse materials as blood, food, feces, and urine. This led to the 
investigation of volumetric methods, with the final adoption of the 
titanium method, which proved eminently satisfactory. 

In 1903 Knecht (3) and Knecht and Hibbert (4) described an 
oxidation-reduction reaction for the titration of ferric iron, involv- 
ing the use of a dilute solution of titanium chloride. Thornton 
and Chapman (5) in 1921 studied the chemistry of the reaction, 
confirmed its accuracy, speed, and relative simplicity, and defined 
more precisely its sphere of usefulness and the factors which modi- 
fied it. The titanium method was first adapted to the deter- 
mination of iron in biological materials by Jahn (6) in 1911. 
Peters (7) in 1912 used the Jahn modification, after changing the 
method of ashing, for his studies on the iron content of hemoglobin. 
Brukl (8) utilized titanium for the microestimation of iron, but 
his procedure was essentially the same as those previously 
described. Pincussen and Roman (9) in 1931 found the method 
satisfactory for the determination of iron in blood and organic 
materials, but Ldszlé (10) in the same year decided that the Jahn 
modification was less accurate for blood iron than Willstitter’s 
colorimetric estimation of hemoglobin. 

The procedure which has finally been adopted contains certain 
technical details which contribute to convenience and accuracy 
213 
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and a method for the preparation for analysis of diets, feces, blood, 
and urine. Diets and feces are sampled without drying after they 
have been stirred at high speed. All materials are ashed, after 
preliminary digestion with sulfuric acid, in a muffle furnace 
equipped with a thermopile which permits accurate control of 
temperature. Peters (7) found dry ashing superior to the Neuman 
wet digestion which had been employed by Jahn (6) and Pincussen 
and Roman (9), because it saved time and assured destruction of 
oxidizing agents and a neutral ash. Preliminary digestion with 
sulfuric acid eliminates chlorides, converting the ash entirely to 
sulfate and phosphate, and avoids spattering and creeping during 
the subsequent muffling. By the combination of this procedure 
with exact temperature regulation of the muffle the preparation 
of materials is simplified. 

The error caused by the presence of copper was recognized by 
Knecht and Hibbert (11) who recommended for the removal of 
copper the standard procedure (12, 13) which has been adopted. 
Although it is possible that the separation is not complete, no 
appreciable error due to copper contamination could be detected 
in control experiments. Jahn (6) recognized the interference of 
copper but made no provision for its elimination. Pincussen and 
Roman (9), Laszlé (10), and Peters (7) made no reference to 
copper. In agreement with Thornton and Chapman (5) KMn0, 
has been preferred to H,O, for reoxidizing iron to the ferric state 
after the removal of copper. Potassium permanganate, however, 
cannot be used with the trichloride of titanium as reducing agent. 

The tendency for high concentrations of phosphates to suppress 
the color of ferric thiocyanate is less serious a problem in the 
volumetric procedure than it is in colorimetric methods; it cannot, 
however, be neglected and has been provided against. This point 
has been generally ignored in the titanium method, probably 
because it is a source of difficulty primarily in the analysis of diets, 
and no detailed application of the titanium method to foods has 
yet appeared. Jabn (6) showed that an artificial mixture of elec- 
trolytes resembling the ash of animal and plant tissues caused no 
aberration in the titration with titanium. The concentration of 
phosphates in certain foods, however, particularly milk, is signifi- 
cantly higher, and definitely interferes with the color development, 
a fact which has been recognized by others (14, 15). 
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The necessity of excluding oxygen during the titration has been 
generally recognized. Both Knecht and Hibbert (11) and Jahn 
(6) protected the titanium reagent from oxidation by an atmos- 
phere of hydrogen; subsequent workers have universally employed f 
CO, (5, 9, 10). Both Jahn (6) and Thornton and Chapman (5) : 
also provided an atmosphere of CO, over the surface of the i 
solutions during titration. Further errors can be obviated by ‘ 
bubbling CO, through the solutions in advance of the titration 
to eliminate dissolved oxygen. By certain modifications of the 
apparatus previously employed, and especially by the intro- : 
duction of immersion titration and the utilization of CO, for i 
stirring, as well as for the elimination of oxygen, and by ridding the 
solutions of oxygen in advance of titration, the sensitivity of the 
method has been greatly increased. The present procedure is 
sensitive to less than 0.005 mg. of iron. 


a 


Apparatus 


=. eed. We 3 


The set-up illustrated in Fig. 1 is a modification of the apparatus 
described by Knecht and Hibbert (11) and Thornton and Chap- 
man (5). 

It consists essentially of a storage bottle A for the titanium 
trichloride or sulfate which is kept under an atmosphere of carbon 
dioxide. This is provided by the Kipp generator B. C is a cali- 
brated 2 cc. burette, the top of which is connected by tubing with 
the top of the storage bottle A, in order to maintain the solution 
in the burette under an atmosphere of carbon dioxide. The tip 
of the burette is drawn out to capillary bore for immersion titra- 
tion. By means of a 3-way stop-cock D, a stream of carbon dioxide 
can be led to the two glass nozzles Z, from which carbon dioxide 
is bubbled through the solutions for titration. 

The side arm F, connected by means of a 3-way stop-cock to 
the pipe-line bearing the titanium solution, is utilized for two 
purposes: (a) to flush the pipe-line and burette clean of titanium 
solution, since it has been found that the slow oxidation of stag- 
nant titanium trichloride or sulfate leaves an obscuring white 
deposit of titanic hydrate; and (b) to admit freshly prepared or 
additional titanium solution into the storage bottle A with minimal 
exposure to the air. This is effected by suction at D. 
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Reagents 

All water must be distilled from glass. 

Titanium trichloride or sulfate. Because of the smal] amounts 
used, the ultimate expense of these reagents is not great. Either 
the 15 per cent or 20 per cent commercial solution is satisfactory. 
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Fig. 1. Apparatus for immersion titration in an atmosphere of CO» 


The stock solution is prepared as follows: (a) 1000 cc. of boiled 
water, which has been distilled in glass, are sucked up through F 
into the storage bottle A. (b) A liberal stream of carbon dioxide 
is bubbled through the distilled water via F for about 10 minutes. 
(c) 15 ce. of a 15 per cent solution of titanium trichloride, or 11 
ec. of a 20 per cent solution of titanium sulfate are added to an 
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equal amount of concentrated iron-free hydrochloric acid or sul- 
furic acid respectively, and boiled for 5 minutes to drive off 
possible traces of hydrogen sulfide. Boiling may be omitted with : 
certain high grade titanium solutions now available. (d) The ib 
boiled solution, followed by three small rinsings of boiled water, 
is then sucked up into the storage bottle. a 

Potassium thiocyanate. A3N solution is prepared by dissolving 
146 gm. of a high grade iron-free product in 500 cc. of distilled 
water. To this 20 ec. of acetone are added for preservative 
purposes. 

Standard iron solutions. Dissolve 7.0226 gm. of ferrous ammo- 
nium sulfate of the highest purity (such as Kah]baum), and pref- 
erably from a freshly opened bottle, in about 200 cc. of distilled 
water. Add 20 cc. of iron-free concentrated H,SO,, warm slightly, 
and oxidize with 1 N potassium permanganate to the first perma- 
nent pink. Cool the solution to room temperature and dilute it 
to exactly 1 liter. This standard contains 1 mg. of iron per cc. 
Although the accuracy of the standard prepared in the above 
manner had been assured by both Knecht and Hibbert (11) and 
Thornton and Chapman (5), it was checked against standards pre- te 
pared from (a) ferric ammonium sulfate made up according to 
Peters and Van Slyke (16), and (6) iron wire according to estab- 
lished technique. 

Hydrogen sulfide. Used for the elimination of copper and other : 
heavy metals, delivered from a Kipp generator in the usual 
manner. 

Potassium permanganate. Approximately 0.05 N solution. 

In order to pursue iron investigations successfully it is quite 
essential to have the exclusive use of all apparatus and glassware 
which, after scrupulous cleaning, should be rinsed with water dis- 
tilled from glass. Both reagents and glassware should be repeat- 
edly tested with a few drops of potassium thiocyanate and acid 
as a check against iron contamination. 
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Analytical Procedure 


Technique for Determination of Blood Iron—1 to 5 cc. of oxalated 
or defibrinated blood, drawn by means of either a platinum or a 
rustless alloy needle, are accurately measured with a pipette 
calibrated to deliver between two marks into a porcelain evaporat- 
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ing dish. The procedure to be described is equally applicable to 
the analysis of blood serum except that at least 10 cc. must be used. 
0.1 ec. of iron-free concentrated sulfuric acid for each cc. of blood 
or for each 2 ce. of serum is added. The combination is dried for 
about 3 hours on the steam bath and then heated in the muffle 
furnace below 550° until it has been reduced to a fine white or 
pinkish white ash- At 500° this ordinarily consumes about 8 
hours. Although it has been previously shown that no loss of 
iron or base occurs at temperatures below 600° (17), this fact was 
corroborated by recovery experiments. We found that loss of 
iron begins at about 700°. The ash is taken up with a few cc. of 
20 per cent iron-free sulfuric acid. If there is much pink ferric 
oxide present, heating on the steam bath is generally necessary to 
effect solution. The iron solution is then quantitatively trans- 
ferred to a 25 cc. Erlenmeyer flask. A few drops of potassium 
thiocyanate and acid are admitted into the evaporating dish as a 
check upon the completeness of the transfer. The concentration 
of copper in blood is so small that the error introduced by its 
presence is negligible (18, 19). No significant alteration of iron 
values could be detected when the procedure for the elimination 
of copper was applied to blood. 

Titration of Iron Solutions—In order to drive oxygen from the 
solution carbon dioxide is bubbled through it for at least 5 minutes 
by means of the nozzle Z, shown in Fig. 1. Approximately 3 ce. 
of potassium thiocyanate are then added and bubbling continued 
for exactly 2 minutes more. With the tip of the burette C 
immersed in the solution, titration with titanium is then com- 
menced, the continued stream of carbon dioxide serving to stir the 
iron solution as well as to prevent absorption of oxygen at the 
surface. With each batch of determinations two standard solu- 
tions ordinarily containing 1 or 2 mg. each of iron are titrated, 
in order to establish the titer of the titanium. Two carbon dioxide 
nozzles are provided as shown at £ in Fig. 1, so that the next 
solution to be tested can be saturated while the preceding titration 
is going on. Spontaneous reoxidation of the iron solutions does 
not occur while carbon dioxide is being admitted during titration, 
but takes place slowly afterward, becoming visible to a very slight 
extent after the titrated solutions have been exposed to the air 
for from 3 to 3 hours. 
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In a series of duplicate analyses of thirty-four normal bloods 
the mean difference between duplicates was 0.003 mg., ranging 
from 0.000 to 0.010 mg. The data of recovery experiments are 
given in Table I. 

Determination of Iron in Food—Food is particularly liable to 
significant contamination through iron-containing utensils. This 


TABLE I 


Recovery Experiments 




















Experiment No. Material | Fe content Fe added | Fe recovered 
mg. mg. mg. 
1 FeNH,(SO,)- 05 0.498 
2 . 0.5 0.495 
3 ™ 1.0 0.999 
4 = 2.0 1.987 
5 = 2.0 1.996 
6 Blood 0.761 1.0 1.782 
7 = 1.255 1.0 2.268 
8 ” 1.434 1.0 2.439 
9 a 0.607 1.0 1.604 
10 3 0.868 1.0 1.875 
ll ” 0.506 1.0 1.512 
12 - 0.410 2.0 2.400 
13 ” 1.242 1.0 2.240 
14 Food 0.905 1.0 2.030 
15 - 0.890 2.0 2.868 
16 “ 1.306 2.0 3.290 
17 ” 1.510 2.0 3.498 
18 1.358 2.0 3.352 
19 Stool 7.842 2.0 7.770 
20 " 8.770 2.0 8.740 
21 _, * 9.332 20 9.343 
22 | Urine 0.513 2.0 2.505 
23 | " 0.428 2.0 2.396 


| 
| 
| 





can be avoided to a large extent by the use of aluminum or monel 
metal containers and tabie utensils. If it is necessary to cut meat 
with a steel knife this should be done by cutting in a similar man- 
ner both the meat for the subject and the parallel portion for 
analysis. We prefer to use diets containing meat that can be 
readily subdivided without the use of a sharp edge. For metabo- 
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lism experiments two or three standard daily diets are prepared 
in duplicate, one of which is given to the subject, the other used 
for analysis. 

For the purpose of iron determination, the meat is separated 
from the rest of the day’s diet, further subdivided by means of a 
glass knife, ground in a mortar, and digested on the steam bath by 
means of from 10 to 25 cc. of concentrated iron-free nitric acid. 
The digested meat with the remainder of the diet which has been 
previously triturated in a large mortar, is transferred to a weighed 
wide mouthed 2 liter bottle. After weighing the diet and bottle, 
the diet is stirred at high speed for 1 hour by means of a propeller 
of monel metal driven by an electric motor. About 80 gm. of an 
ordinary day’s diet are quickly transferred to previously weighed 
evaporating dishes with cover-glasses and weighed. During the 
stirring there is a loss due to evaporation which amounts to about 
0.2 per cent. A correction for this is made. This method of mix- 
ing and sampling has been regularly used in this laboratory for 
nitrogen determinations on food and feces, and aliquots have been 
found to be in agreement consistently within a fraction of 1 
per cent. 

During the course of evaporation on the steam bath, a few ce. 
of 20 per cent iron-free sulfuric acid are added in order to form the 
sulfate of iron. The residue is reduced to ash in the muffle furnace 
below 550°. The ash is then taken up with 20 per cent sulfuric 
acid and treated to remove copper as follows: (a) Hydrogen sulfide 
is bubbled through the solution for about 10 minutes. This pre- 
cipitates the copper. (b) The copper precipitate is removed by 
filtration through a filter of fritted Jena glass followed by ten 
washings with 0.5 cc. each of 20 per cent H,SO, which has been 
saturated with H.S. (c) Hydrogen sulfide is driven off by boiling 
the filtrate for 5 minutes or longer. (d) The iron in the filtrate is 
reoxidized with 0.05 n KMn0O, to the first faint permanent pink 
if titanium sulfate is to be used for the titration. The presence 
of hydrochloric acid with titanium trichloride makes it necessary 
to use an oxidizing agent other than potassium permanganate. 
In this case hydrogen peroxide may be used as described by 
Knecht and Hibbert (11). 

Titration is carried out as described for blood iron. By means 
of this technique analyses of duplicate samples differ by less than 
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2per cent. Thus, for instance, a day’s diet was found to contain 
between 38.16 and 39.13 mg. of iron. Data on recovery experi- 
ments are given in Table I. When copper was eliminated from a 
diet sample, the titration value for iron fell from 1.056 to 0.822 
mg. Because of the possibility that traces of copper escaped 
precipitation, tests were made to ascertain whether such losses, 
if present, were sufficiently great to impair the sensitivity of the 
method. A sample of blood was divided into six aliquots and 
treated in duplicate as follows: (1) iron determined; (2) iron 
determined after elimination of copper; (3) iron determined after 
addition of 0.3 cc. of 8 per cent CuSO, solution and elimination of 
copper. The values for iron in all three groups were found to be 
in agreement within the limits of error of the method. As an 
additional control 0.5 cc. of 8 per cent CuSO, was added to 
acidulated distilled water and carried through the procedure for 
eliminating copper and determining iron. A faint trace of color 
was produced when KCN was added, but it was not sufficient 
to permit titration. 

Phosphates, especially pyrophosphates, are troublesome when 
they:are present in concentrations large enough to cause decoloriza- 
tion of ferric thiocyanate. If this occurs, it is necessary to elimi- 
nate pyrophosphates by one of the usual methods (14, 15). Hor- 
witt (20) has suggested dry ashing at 500° with a sodium carbonate 
mixture to avoid formation of pyrophosphates. 

Determination of Iron in Feces—Feces for a given period, col- 
lected in an iron-free container, are accurately transferred to a 
large, weighed, narrow mouthed bottle and, with an appropriate 
amount of water distilled from glass, weighed, and subjected to 
stirring at high speed for 1 hour, In the manner described for food, 
aliquots are removed, and, in the presence of sulfuric acid, evapo- 
rated to dryness. The size of the aliquot is governed roughly by 
the anticipated concentration of iron present. In general, whereas 
about 80 gm. of food are taken in the sample, half that amount of 
feces is ordinarily sufficient. The further procedure for muffling, 
transfer, and titration is the same as for food. The degree of 
accuracy is likewise approximately the same. Thus two samples 
of the same stool were found to contain 3.785 and 3.760 mg. of 
iron per 100 gm. of stool. In Table I recovery experiments are 
outlined. 
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Determination of Iron in Urine—The 24 hour output of urine is 
transferred to a beaker of appropriate size and subjected to 
evaporation on the steam bath. When the volume has been 
reduced to approximately 200 cc., it is treated with a few cc. of 
dilute sulfuric and concentrated nitric acids until the residue has 
been completely dissolved. The solution is then accurately trans- 
ferred with the necessary washings to a porcelain evaporating dish 
or casserole and evaporated to dryness. Ashing in the muffle 
furnace and titration for iron are carried out in the same manner 
as for food and feces. The amount of iron in urine is small, but 
duplicate samples can be analyzed with an error of less than 2 
per cent. Thus 2 liters of normal urine were found to contain 
exactly 0.271 mg. of iron each. Recovery experiments are given 
in Table I. 


SUMMARY 


A procedure for the determination of iron in blood, food, feces, 
and urine is given. The method of Knecht and Hibbert for the 
determination of iron by means of oxidation-reduction titration 
with titanium trichloride or sulfate has been modified and adapted 
to biological materials. 


The guidance and generous cooperation of Dr. John P. Peters 
are gratefully acknowledged. 
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DOGS MAINTAINED ON A PROTEIN-FREE DIET 


By JAKOB A. STEKOL 
(From the Department of Chemistry, Fordham University, New York) 


(Received for publication, July 26, 1934) 


It has been shown by du Vigneaud, Craft, and Loring that 
d-cystine is not as readily oxidized in the organism of the rabbit 
as l-cystine (1). Small but detectable amounts of d-cystine were 
found to be excreted unchanged in the urine of rabbits which were 
fed d-cystine. dl-cystine, free of mesocystine, was also found to 
be less readily oxidized than /-cystine. These findings were not 
in accord with those reported by Hele and Pirie (2), who worked 
with dogs, and by Lawrie (3), who used rats as experimental 
animals. 

In connection with some work now in progress on the metabolism 
of growing dogs, we were interested to ascertain the fate of various 
amino acids in adult dogs which were maintained on a protein-free 
diet. Since d-cystine cannot support growth of rats on cystine- 
deficient diets (4), it was reasonable to expect that the d isomer 
of cystine, in contrast to the / form, would not be utilized by the 
animal deprived of protein in the diet. At the same time, it 
seemed of interest to repeat the work of Hele and Pirie (2) and 
Lawrie (3) on dogs with pure dl-cystine. 


EXPERIMENTAL 


The general experimental procedure and the methods of urine 
collection and analyses used in the present work were the same 
as those previously reported (5). The composition of the diet 
fed to our dogs was as follows: cane-sugar 84.3 gm., Vitavose 
11.6 gm., salt mixture (6) 1.4 gm., bone ash 2.7 gm., butter fat 
7.0 gm., lard 17 gm. The diet yielded 70 to 80 calories per kilo of 
body weight. Vitavose yielded about 0.2 gm. of nitrogen and 
0.030 gm. of sulfur per diem. The food was fed once a day and 
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was readily consumed. At no time had we to resort to forced 
feeding. The compounds were fed mixed with food. Water was 
allowed ad libitum. 

l-Cystine was prepared from human hair. dl-Cystine was pre- 
pared by the method of du Vigneaud, Dorfmann, and Loring (4). 
The purity of the compounds was checked by analysis. 

Dog 7 was born and raised in the laboratory. At the time of 
writing the present report, the animal is 22 months old and has 
been kept in a metabolism cage since the age of 6 weeks, con- 
tinuously maintained on a synthetic diet containing casein. Dog 
14 is the mother of Dog 7. Dog 12 is the same animal as used by 
Stekol and Schmidt (5) in their work on dl-methionine. The dogs 
were kept on the protein-free diet for not longer than 30 to 40 
days, when they were fed Cowgill’s diet (7) for several days. They 
were then returned to the protein-free diet. Each dog was main- 
tained on the protein-free diet for 2 weeks before the compounds 
were administered. 


DISCUSSION 


For the sake of economy of space, the data collected on four 
dogs are presented in summarized form in Table I. Since feeding 
- of either /- or di-cystine did not affect either total nitrogen, urea, 
or creatinine output in the urine, the data were omitted from the 
table. The data in Table I seem to indicate that /-cystine sulfur, 
when fed in small amounts, is almost completely retained by the 
animal deprived of protein in the diet. Under the same experi- 
mental conditions, similar amounts of dl-cystine are not equally 
well retained. Approximately 40 per cent of the ingested dl- 
cystine sulfur is excreted by the dog, partly as inorganic sulfates, 
partly as neutral sulfur. The urines of dogs which were fed dl- 
cystine invariably gave a positive NaCN-nitroprusside test. 
These findings, as regards the metabolism of dl-cystine, are in 
accord with those of du Vigneaud, Craft, and Loring (1). Since 
the diet of our animals was practically protein-free, the failure 
of l-cystine to produce any effects on the nitrogen output in the 
urine does not necessarily serve as evidence against the findings 
of Lewis (8). The latter found that feeding cystine to dogs 
maintained on low protein diets produces a better utilization of the 
nitrogen of the food, as shown by a drop in the nitrogen output 
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of the urine on the day of administration of /-cystine. 
findings also apparently indicate that a portion of dl-cystine 
sulfur, probably that of the d isomer, in contrast to /-cystine, is 
not utilized by the animal to replace the tissue waste. Hele and 
Pirie (2) expressed the same opinion. 


! l- and dl-Cystine Metabolism in Dogs on a Protein-Free Diet 
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Excreted as 

! yw Dog No. Recovered 

: Sulfate Neutral S 

) per cent per cent per cent 

| 1-Cystine 7 9 0 9 
” 7 19 0 19 
” 7 19 0 19 
si 12 16 0 16 
° 12 12 0 12 
_ 15 0 0 0 
” 15 7 0 7 
” 14 14 0 14 
* 14 10 0 10 

dl-Cystine 7 19 15 34 

” 7 23 13 36 
” 7 26 13 39 
a 15 10 15 25 
a 15 27 16 43 
” 15 20 18 38 
= 14 27 23 50 
= 14 20 20 40 
- 12 22 22 44 
. 12 21 18 39 














tained by the animals. 


* Equivalent to 134 mg. of sulfur in each case. 


SUMMARY 


1. -Cystine and dl-cystine were fed to adult dogs maintained on 
a protein-free diet. 

2. di-Cystine, in contrast to /-cystine, was only partially re- 
Approximately 40 per cent of the ingested 
dl-cystine sulfur was excreted in the urine as the inorganic sulfate 
and neutral sulfur fractions. 

3. Apparently d-cystine sulfur is not used by adult dogs to 
replace the tissue waste. 
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THE VOLUMETRIC DETERMINATION OF POTASSIUM 
WITH METHYLENE BLUE FOLLOWING ITS PRE- 
CIPITATION AS POTASSIUM PICRATE 


By ADOLPH BOLLIGER 


(From the Gordon Craig Urological Research Laboratory, Department of 
Surgery, University of Sydney, Sydney, Australia) 


(Received for publication, July 19, 1934) 


Principle—From a concentrated neutral solution potassium is 
precipitated as potassium picrate by means of an alcoholic solution 
of calcium picrate. The potassium picrate is titrated with a 
standardized methylene blue solution as described in a previous 
communication (1). 

Reagents 

1. Alcoholic solution of calcium picrate (about 25 per cent). 
23 gm. of picric acid together with 10 gm. of calcium carbonate are 
boiled for a few minutes in 100 cc. of water till the evolution of 
carbon dioxide ceases. The hot, dark orange solution of calcium 
picrate is filtered and evaporated to dryness. The residue is dis- 
solved and made up to 100 ec. with absolute alcohol and filtered. 

2. 0.01 N methylene blue. This is prepared by dissolving 3.74 
gm. of methylene blue (Merck), chemically pure (CjsHisN;SCl + 
3H.O), in water, and diluting to a volume of 1 liter. 


. Procedure 


The material to be analyzed should not contain more than twice 
as much sodium as potassium and the potassium should be present 
as chloride or perchlorate. Ammonium salts should be removed 
beforehand, but calcium and magnesium, even if present in con- 
siderable excess, do not interfere. The sample is dissolved in a 
minimum amount of warm water, and if it consists mostly of potas- 
sium salts, about 10 volumes of a 25 per cent solution of alcoholic 
calcium picrate are added. After thorough mixing, the solution 
is allowed to stand in a covered vessel at room temperature for 
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2 hours to complete the precipitation of potassium picrate, which 
begins immediately after the calcium picrate is added. 

If nearly as much sodium as potassium, or more, is present, it ig 
preferable to add 20 to 30 volumes of the calcium picrate solution 
to the warm aqueous solution. The mixture is then stirred wel] 
with a glass rod for several minutes and allowed to stand overnight 
in a stoppered bottle at room temperature. 

When dealing with a sample which contains no sodium, or only 
a little, as compared with the potassium, the precipitate of potas- 
sium picrate is washed repeatedly with about 4 volumes of ether 
containing 4 per cent ethyl alcohol till a washing with pure ether 
remains completely colorless after having been in contact with the 
precipitate for at least 10 minutes. 

If an appreciable amount of sodium picrate has been precipi- 
tated with the potassium picrate, the wash ether will remain per- 
sistently yellow, and the precipitated sodium picrate has to be 
extracted with ethyl alcohol saturated at room temperature with 
potassium picrate. This is best accomplished by shaking up the 
precipitate with the wash alcohol and then leaving it in contact 
with the fluid for at least half an hour. Of course, when dealing 
with specimens which are known to contain nearly as much sodium 
as potassium, or more, one omits the preliminary washing with 
ether, and for each mg. of sodium present in the sample, one uses 
approximately 2 cc. of the alcoholic potassium picrate solution, 
the extraction being repeated till a similar amount of ether added 
to the precipitate remains colorless. 

The analysis may be carried out in a centrifuge tube. The 
precipitate is centrifuged down and the supernatant fluid drained 
off and the calcium picrate, which during the process of draining 
crystallizes out around the opening of the tube, is washed away 
with alcohol or water, care being taken not to disturb the precipi- 
tate of potassium picrate. The washing of the precipitate has 
then to be modified according to the amount of sodium present. 

On the other hand, the precipitate may be separated by filtra- 
tion. A fritted glass plate funnel of medium fineness, as recom- 
mended by Caley (2), was found to be very useful for this purpose. 
The precipitate on the filter plate is subsequently mixed with the 
wash fluid, and, if no suction is applied, practically no fluid will 
go through the filter. However, the funnel must be kept covered 
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to avoid evaporation. In this way the precipitate will remain in 
contact with the wash fluid for a sufficient period of time to insure 
efficient extraction. 

After sufficient washing, the precipitate is dissolved in hot water. 
In the case of small amounts, up to about 3 mg., of potassium, the 
solution is transferred directly to the separatory funnel containing 
chloroform and is then titrated with 0.001 n methyiene blue. 
With larger amounts it will be advantageous to transfer only a 
known fraction of the potassium picrate solution to the separatory 
funnel or to add 0.01 n methylene blue to the solution in known 
amounts till the end-point is nearly reached. Then one separates 
the very dilute picrate solution from the precipitated methylene 
blue picrate by filtration or centrifugation, and after washing the 
precipitate with water, the titration is completed with 0.01 N or 
0.001 N methylene blue. When one is using a fritted glass plate 
funnel, it is possible to add 0.01 n methylene blue to the potassium 
picrate dissolved in the funnel. After thorough mixing, suction is 
applied to separate the aqueous solution from the precipitated 
methylene blue picrate. When the precipitate has been washed 
with water, the titration is completed after transference to a 
separatory funnel. If an excess of methylene blue has been added, 
the titration is carried out with 0.01 N or 0.001 N picric acid. 

The titration of the potassium is the same as that described for 
picric acid in a previous communication (1). The standard 
methylene blue solution is added from a burette to the solution of 
potassium picrate. The methylene blue picrate formed is only 
slightly soluble in water, but is extracted very readily by chloro- 
form. The color of the chloroform solution is green and the color 
of the potassium picrate solution diminishes to an extent propor- 
tionate to the amount of methylene blue added. After its extrac- 
tion with chloroform the methylene blue picrate stains the chloro- 
form to a correspondingly deeper extent. If the chloroform 
becomes very dark green in color, it has to be separated and replaced 
with fresh chloroform. 

The end-point is reached when the water layer becomes colorless; 
after the addition of an excess of methylene blue, it remains per- 
manently blue in color. For practical reasons it is preferable to 
consider as the end-point the first appearance of an unextractable 
blue color. In order to be able to observe the end-point properly 
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it will be necessary, when the yellow color of the potassium picrate 
solution becomes very faint, to renew the chloroform till it remains 
colorless after extracting the watery layer. Again, if at an earlier 
stage there is any doubt about the state of the reaction, the chloro- 
form must be renewed. With these precautions the end-point 
becomes very sharp, and if necessary one is able to titrate with a 
0.0001 nN methylene blue solution. 


DISCUSSION 


Recently Caley (2) devised a colorimetric method for the deter- 
mination of potassium as potassium picrate. This method, how- 
ever, is fairly complicated and very limited in its application. 
However, the discovery of an accurate microtitration of picrates 
(1) made it possible to determine volumetrically from 0.04 to 
10 mg. or more of potassium. 

Furthermore, during the study of the solubility of picrates in 
organic solvents (Table I), it became evident that more favorable 
conditions than recommended before could be found for the precipi- 
tation and isolation of potassium picrate. As shown in Table II, 
calcium picrate is about 10 times more soluble in ethyl alcohol 
than the picric acid recently proposed as the best precipitant. 
Therefore, calcium picrate even if used in several times higher 
concentration will not precipitate out, as may easily happen with 
saturated picric acid solution. 

At room temperature a 25 per cent solution of calcium picrate 
in alcohol wil] precipitate potassium completely from a sufficiently 
concentrated aqueous solution. Sodium, if present in small 
amounts, wil] not be precipitated, but if sodium picrate is precipi- 
tated with the potassium picrate, it can be extracted with ethyl 
alcohol saturated at room temperature with potassium picrate. 
As shown in Table I, sodium picrate is over 70 times more soluble 
in ethyl alcohol than potassium picrate, and with three to four 
washings satisfactory results can be obtained with samples con- 
taining twice the amount of sodium as of potassium. In this case, 
however, the precipitation of potassium picrate takes more time, 
and if too great an excess of the calcium picrate solution is added, 
the precipitation may be incomplete. The precipitation may also 
be incomplete if sodium is present. in amounts larger than 
recommended. 
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The method described is particularly useful for the determina- 
tion of potassium in tissue which has been ashed with perchloric 
acid (3). Like calcium chloride, calcium perchlorate is highly 
alcohol-soluble, and sinall amounts of sulfate and even ammonia 











TaBLe I* 
Approximate Solubility of Picrates and Picric Acid at 24° 
Methyl al 
hol, acetone- or ~--ae Ether Acetone| Water 
bea per cent per cent per cent percent| per cent 
Potassium pic- 
sinc ccsigccen 0.22* 0.029*| Below 0.00001 | 1.02* 0.4 
Ammonium pic- 
RR i vince 1.67* 0.62* 0.004* 
Sodium picrate. 12.0* 2.2* 0.001* 10.0 
Calcium “~ .} Ca. 70 Ca. 60 0.23* Ca, 45.0 
Picric acid..... 6.2 2.0 1.2 




















* Own determinations. 


TABLE II 
Recovery of Known Amounts of Potassium 








KCI1O« NaCl (NHa)2804 K found Error 
mg. K mg. Na mg. mg. per cent 
0.039 | 0.04 | +26 
0.301 0.383 | -2.0 
0.782 0.791 | +1.3 
3.91 3.90 —0.3 
3.91 2.3 3.92 +0.3 
3.91 4.6 ' 3.89 -0.5 
3.91 6.9 "s 3.87 —1.0 
3.91 9.2 3.84 —-1.8 
3.91 11.5 3.70 —5.3 
3.91 0.13 3.92 +0.3 

















(see Table II) do not cause interference. If sodium is present in 
great excess over potassium, it may be sufficiently extracted before- 
hand as sodium perchlorate with a butyl alcohol-ethyl acetate 
mixture, and in any case a preliminary extraction of the bulk of 
the sodium perchlorate present may frequently be more convenient. 
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Magnesium does not interfere, because it forms an easily alcohol- 
soluble picrate. 

The titration of the potassium picrate with methylene blue is 
very sensitive and is preferable to that of potassium acid tartrate 
with sodium hydroxide (4). 

SUMMARY 

A method has been described for the volumetric microdetermina- 
tion of potassium. The potassium is precipitated as potassium 
picrate by an alcoholic solution of calcium picrate, after which 
the precipitate is redissolved and titrated with a standardized 
methylene blue solution. The method can be applied to samples 
containing up to twice as much sodium as potassium. 


I wish to thank Miss Dorothy Dark for her valuable technical 
assistance. 
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THE COMPARATIVE ACTION OF SODIUM HYPOCHLO- 
RITE, CHLORAMINE-T, AND AZOCHLORAMID 
ON ORGANIC SUBSTRATES 


By ALBERT F. GUITERAS anp FRANZ C. SCHMELKES 


(From the Research Laboratories of Wallace and Tiernan Products, Inc., 
Belleville, New Jersey) 


(Received for publication, June 20, 1934) 


Langheld (1) found that sodium hypochlorite reacts with 
a-amino acids to form chloramino acids, which more or less readily 
break down to aldehydes or ketones, ammonia, carbonic acid, and 
sodium chloride. Milroy (2) pointed out that in the case of 
aromatic or heterocyclic amino acids, such as tyrosine or trypto- 
phane, partial chlorination of the ring takes place in addition to 
oxidation. Hypochlorites have long been used as germicidal 
agents, but their efficiency is greatly reduced in the presence of 
albuminous material due to the above reactions. In order to 
have continuous germicidal activity over a long period of time, 
it is essential that the chlorine remain as positive or ‘‘available”’ 
chlorine. In other words, the positive chlorine which is reduced 
in oxidizing or chlorinating a ring is of no more value as a germicide. 
On the other hand, any chlorine which has substituted a hydrogen 
atom of an amino group and which is present as —_N==Cl, or 
=N—Cl, is still active as a germicide, as Milroy has suggested. 

Schmelkes and Marks (3) have described a new germi- 
cide —N—N’-dichloroazodicarbonamidine (azochloramid), H,N- 
(CIN:)C—N=N—C(:NCI)NH:. This compound is of spe- 
cial interest as it possesses high germicidal power, despite dis- 
playing but slight reactivity with organic matter, such as tissue 
and body fluids. This paper presents a comparison of its action 
upon various organic substrates with that of sodium hypochlorite 
and chloramine-T (sodium p-toluenesulfonchloramide). The pro- 
cedure used was as follows: A solution or suspension of the various 
substrates (in stoichiometrically equivalent amounts when a sub- 
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strate of definite chemical composition was used) was incubated 
at 37° in a solution containing 200 parts per million of available 
chlorine.! 25 cc. portions were withdrawn from time to time over 
a period of 24 hours and titrated for residual available chlorine 
with 0.01 N sodium thiosulfate after being acidified with acetic 
acid. It will be noticed that in our titration there is no distin- 
guishing between OCI’, NCI, or Cle, and hence the loss in available 
chlorine represents only that which has been converted to Cl’ or 
to a ring substitution, and does not distinguish between the chlo- 
rine present in its original form and that used to form N-chloro 
compounds. 

The substrates investigated can be divided roughly into two 
classes, depending upon whether they contain nitrogen or not. 
There was practically no consumption of chlorine at all by the 
non-nitrogenous substrates, as was to be expected. Seven sugars 
were tested—three monosaccharides, glucose, levulose, and man- 
nitol (if we may call this a sugar); three disaccharides, maltose, 
lactose, and sucrose; and one trisaccharide, raffinose. Other non- 
nitrogenous substrates were cholesterol, sodium taurocholate, and 
sodium oleate. In all cases the drop in available chlorine after 
24 hours was negligible, except in the case of levulose (which is 
one of the more reactive sugars (4)), when 69 parts per million of 
available chlorine were consumed from a sodium hypochlorite 
solution having an original concentration of 200 parts per million 
of chlorine. 

The nitrogenous substrates were obviously more reactive. In 
all cases studied, the amount of chlorine consumed from azochlor- 
amid was very much less than from chloramine-T, which in turn 
was considerably less than that consumed from sodium hypo- 
chlorite. Thus, by plotting parts per million of available chlorine 
consumed (after subtraction of a blank) against the time, we get in 
all cases curves which are in general like those shown in Fig. 1. 
The results are in general agreement with those of Milroy. The 
behavior of the substrates investigated is shown in Table I. The 
Escherichia coli and Lactobacillus acidophilus were killed within 


1In the case of the azochloramid, the available chlorine is two-thirds 
of the titration figure, since only 4 of the 6 atoms of iodine released by it 
from KI are due to chlorine. 
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Fia. 1. Decrease of available chlorine in a solution containing 0.00025 m 
tyrosine and chlorinating agents in a concentration of 200 parts per million 


of available chlorine. Tenfperature 37°. 


TaBLe I 
Parts per Million of Available Chlorine Consumed by Various Organic Sub- 
strates from Chlorinating Agents Having an Original Concentration of 
200 Parts per Million of Available Chlorine after Incubation at 37° 
for 1 and 24 Hours 
The concentrations of the substrate are final concentrations after addi- 


tion of chlorinating solution. 





Substrate 





Givin, OBUEEE O8. .. on esiccscccccscees 
Alanine, 0.00025 M..................25. 
po ere 
Tryptophane, 0.00025 M................ 
Cystine, 0.000125 m........ 26... eee eee 
NS oo ae vice a nenmmeuaian 
NS Se oe auereaw th 
Egg albumin, 0.01%. .......,...:...... 
Peptone, 0.01%.............. Fo a 
I I i tc ns aiemicpahee Sion 
Sheep blood serum, 25%............... 
Human cerebrospinal fluid, 50%....... 
“pleural exudate, 50%.......... 
= 7 si crite 
” = ” ee 
Yeast, 0.05% (dry weight)............. 
Escherichia coli, 0.05% (dry weight)... . 
Lactobacillus acidophilus, 0.05% (dry 
EE ee ewe: ee 


























Sodi Chi i Azochlora- 
hypochlorite T mid 

1 24 1 24 1 4 
hr hrs. hr. | hrs. | hr hrs. 
90; 97) 65| 68 6 10 
40; 75 | 34) 46 4 10 
197 | 200*| 72) 144 6 14 
185 | 195 | 75 | 112 5 16 
180 | 190 | 161 | 190 | 12 40 
139 | 181 7 | 115 0 2 
63 | 177 | 53| 69 2 3 
158 | 195 | 57| 77 6 11 
119 | 190 | 106 | 200%; 2 9 
149 | 182 | 115 | 182 | 22 38 
160 | 200*| 160 | 200*| 40 | 146 
182 | 200") 35 | 75 1 8 
200*| 200*| 200*; 200*; 20 | 200* 
155 | 200*| 82 175 8 32 
180 | 200%} 15 | 70 5 5 
152 | 184 | 45) 132 8 24 
158 | 172 | 25) 54 4 6 
135 | 158 | 16| 42 0 4 














* No available chlorine left. 
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1 hour? in spite of the fact that the available chlorine in the case of 
azochloramid remained practically unchanged. 

In the above work no attempt was made to control the pH. We 
did, however, run a separate experiment to investigate the con- 
sumption of chlorine from sodium hypochlorite, chloramine-T, 
and azochloramid at different hydrogen ion concentrations. 
Price (5) investigated the consumption of chlorine from hypo- 
chlorites by gelatin at varying pH values from 5.5 to 10. His 
reaction time was 2 minutes, and he found that with increasing pH, 
more available chlorine was consumed. We took as our substrates 
glycine, tyrosine, and tryptophane. Salutions containing 200 
parts per million of available chlorine in 0.00025 m solutions of 
amino acids, buffered at pH 3 to 11 inclusive, were incubated at 
37° in brown glass-stoppered bottles and titrated after 21 hours. 
The buffers used were as follows (6): 





pH Buffer Reference 





2.9 0.1 N acetic acid 
4,5 Acetic acid-sodium acetate | Cohn, Heyroth, and Menkin (6) 


pp. 219, 220 
6, 7 Na,HPO,-KH,2PO, S¢rensen (6) p. 210 
7.9 Na.B,O;-H,BO; Palitzsch (6) - 
9 H;BO;-NaOH-HCl S¢grensen (6) “ 209 
Na2CO;-NaHCO; Remington and Trimble (7) 
10, 11 Na:CO;-Na2B,0; Kolthoff and Vlesschhouwer (6) 








p. 215 








The pH values of the reaction mixtures at 2.9 to 7.7 inclusive were 
checked with the glass electrode at the beginning and end of the 
experiment. The maximum variation was +0.07. 

The curves are shown in Fig. 2. It will be seen that at all pH 
values azochloramid is far less reactive with amino acids than 
either sodium hypochlorite or chloramine-T. Although the results 
obtained are in apparent contradiction to those of Price, it will be 


? This is shown by absence of growth after 48 hours incubation in Domi- 
nick-Lauter broth (Escherichia coli) and plain nutrient broth with Andrade’s 
indicator (Bacillus acidophilus) after neutralization of the chlorinating 
agent with an equivalent amount of sodium sulfite. 
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remembered that he was working with gelatin and not a pure amino 
acid, and that he took as his reaction time 2 minutes; whereas 
our time was 21 hours. 






0 





plz o> 4 5 67 869 0 N 


Fia. 2. Effect of hydrogen ion concentration on the decrease of available 
chlorine in a solution containing 0.00025 m tyrosine and chlorinating agents 
in a concentration of 200 parts per million of available chlorine. Reaction 
time = 21 hours. Temperature 37°. 


SUMMARY 


The action of sodium hypochlorite, chloramine-T, and azochlor- 
amid on organic substrates has been compared. Azochloramid is 
by far the least reactive of the three, being very inactive over a 
wide range from pH 3 to 11 inclusive. Chloramine-T is more 
reactive than azochloramid, but not nearly as reactive as sodium 
hypochlorite. This property is important in connection with the 
germicidal action of the three compounds. 


We are indebted to Dr. John Reichel, Director of the Mulford 
Biological Laboratories, Sharp and Dohme, for furnishing us the 
Lactobacillus acidophilus. 
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ACTIVATION OF ENZYMES* 


II. PAPAIN ACTIVITY AS INFLUENCED BY OXIDATION-REDUC- 
TION AND BY THE ACTION OF METAL COMPOUNDS 


By LESLIE HELLERMAN anp MARIE E. PERKINS 


(From the Department of Physiological Chemistry, the Johns Hopkins 
University, School of Medicine, Baltimore) 


(Received for publication, August 1, 1934) 


Considerable interest has been displayed recently in the activa- 
tion and inactivation of enzymes such as arginase, urease, and 
saccharase. Special impetus to work of this character was given 
by observations that the rate of proteolysis, catalyzed by papain 
or liver cathepsins, is enhanced when an organic sulfhydryl com- 
pound such as glutathione or cysteine is added to the reaction mix- 
tures. Similar activations by hydrogen cyanide and by hydrogen 
sulfide had been known for some time. 

A few months ago (1) we reported an apparent relationship be- 
tween the activity of crystalline urease and its oxidation-reduction 
state. The controlled treatment of solutions of this hydrolytic 
enzyme with certain oxidants resulted in the suppression of its 
activity, and this, in turn, was found to be more or less completely 
restored by the action of appropriate reducing substances. It was 
shown further that the urease activity was “extinguished” by the 
treatment of the enzyme-with cuprous oxide or certain organic 
mercurials (e.g., phenylmercuric hydroxide). This effect was like- 
wise demonstrated to be reversible. The specificity of these ac- 
tions and the evidence of Sumner and Poland (2) that crystalline 
urease contains sulfhydryl as an integral part of its molecule were 
cited in Paper I to support the tentative hypothesis that urease and 
possibly certain other enzymes may be reversibly inactivated by 
oxidation of their sulfhydryl groups, or by the formation of metal- 
lic derivatives (mercaptides). If the oxidation proceed no further 


*The paper entitled ‘‘Urease activity as influenced by oxidation and 
teduction’’ (1) is considered to be Paper I of this series. 
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than to the formation of the dithio configuration, appropriate re- 
ducing agents should regenerate the sulfhydryl group and the ac- 
tivity. Likewise, if the action of a metallic derivative be only the 
formation of a mercaptide, suitable removal of the metal should 
restore activity. 

That many other enzyme activities may be similarly influenced 
by the processes of oxidation-reduction is implicit in the literature. 
In the interpretation of a number of these cases we should expect 
this working hypothesis to be of value. However, as we shall 
show in a later paper on arginase, the activation of this enzyme is 
not so simply explained. On the other hand, the plant proteinase 
papain (3) furnishes a case which the hypothesis fits. Indeed, it 
was with papain that Bersin and Logemann and Bersin (4, 5) 
developed the same hypothesis, published shortly after our first 
paper on urease. 

In this paper, it is shown, by the use of methods similar to those 
previously employed by us, that papain may readily be inactivated 
by selected oxidants, notably oxygen, iodine, quinone, and ferri- 
cyanide ion under such conditions that in each case the action may 
be reversed by hydrogen sulfide, organic sulfhydryl compounds, 
and other reducing reagents. The observations of reversibility 
are the more striking since the proteolytic activity, although fre- 
quently depressed to zero, can usually be restored and actually 
carried to the level characteristic of papain completely activated 
by the reducing reagent used. The inactivations by metallic 
derivatives and the reversals thereof are shown to parallel closely 
the corresponding phenomena already demonstrated for urease. 


Procedure 


For the sake of clarity we present only a synopsis of our obser- 
vations with a tabulation of those results that have been repeatedly 
verified and are considered to be substantially reproducible. 

Treatment of Enzyme—Papain (Merck), 19 gm., was added to 
600 ml. of water. Conductivity water was used throughout this 
investigation. The mixture was well stirred, filtered, and papain 
was recovered by the addition of 1200 ml. of 95 per cent ethanol 
to the filtrate. The solid was collected at the centrifuge, stirred 
with 200 ml. of 70 per cent ethanol, collected, redissolved in 200 
ml. of water, reprecipitated with 400 ml. of 95 per cent ethanol, 
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collected, again stirred with 70 per cent ethanol, and finally col- 
lected on a Buchner funnel and dried in a vacuum desiccator over 
phosphorus pentoxide. The product (7.6 gm.) retained constant 
activity for months. 

When to 125 mg. of papain in 5 ml. of water were added, first, 
2 ml. of ammonium hydroxide (1 m) and then 0.5 ml. of 5 per cent 
sodium nitroprusside, there was obtained a slight coloration (esti- 
mated by comparative tests equivalent to 5 ml. of 0.0001 m cys- 
teine or less). The sulfhydryl sulfur present, responding to the 
nitroprusside test, thus appeared to be of the order 10~’ mole or 
less. A stronger test was obtained after the papain was first 
treated with 25 mg. of sodium cyanide and allowed to stand 10 
minutes. To the nitroprusside test, as applied here, cysteine and 
glutathione responded but not ergothioneine and thiosalicylate 
ion. Sulfhydryl groups, if present in the molecules of papain, are 
probably not detected by this reagent, as applied here. 

Estimation of Proteolytic Activity—An exploratory study of vari- 
ous standard methods led us to select a modified Sérensen titration 
procedure as most convenient and sufficiently accurate for the 
requirements of this investigation. The following details are 
illustrative. To 50 mg. of papain, which had been triturated with 
1 ml. of water and transferred to a 25 ml. volumetric flask, there 
first were added 5 ml. of 0.2 m sodium citrate buffer, pH 5, and 
then 10 ml. of an aqueous solution containing 1 gm. of gelatin. 
The solutions were at 37° when mixed and the mixture, diluted 
with water to 23.0 ml., was incubated at the same temperature. 
After 1} hours, 1 ml. of formaldehyde (37 per cent) was added and 
the volume brought to exactly 25 ml. Duplicate titrations were 
then made upon 10 ml. portions, each of which was diluted with 
25 ml. of water, treated with 1 ml. of 37 per cent formaldehyde, 
and rapidly titrated with 0.1 N or 0.2 N sodium hydroxide to the 
end-point with thymolphthalein (10 drops, 0.04 per cent). From 
this titer was subtracted the sum of the averages of control esti- 
mations of buffer plus gelatin (without papain) and of papain 
alone (7.e. papain plus buffer minus the titration value of the 
buffer), carried out according to the procedure outlined. 

When the effect of added reagents (activators, inactivators, 
ete.) was tested, appropriate corrections, experimentally ascer- 
tained by means of adequate controls, were always applied for 
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any contributions of these reagents per se (e.g. HI) to total acidity. 
Precautions were taken to insure substantial constancy of hydro- 
gen ion concentration (pH 5) for the many digestions. When 
acidic reagents were used, appropriate amounts of sodium car- 
bonate were added. Experiments were frequently repeated with 
the use of relatively large amounts of 1 m buffer. All digestions 
were carried out at 37°. Time-activity curves were worked out 
with varying amounts of the enzyme preparation (25 to 100 mg.) 
and under a variety of conditions (enzyme non-activated and ac- 


TaBLe I 
Relative Activities of Papain Preparations 


























No activator added Activator added 
de NaOH, 0.2 x 
Pepsin | tic tine quired after diges 
tion nt* tion time 
1 hrs.| 2hrs.| /8} 1} hrs,| 2 hre, | 18 
mg. ml. |\ ml. ml. ml. ml. mil, 
A. 100 | 1.54 H,.S-water,t 5 ml. 2.55 
B. 50 | 0.85] 1.02) 2.08} Same 1.92}! 2.15) 3.39 
~ a 1.02 HCN, 0.02 m (pH 5), 4 ml. 2.19 
C. 50 | 1.03 H,.S-water, 5 ml. 2.04 

















* Added to papain-buffer-gelatin prior to incubation. 

+ H.S-water, saturated; approximately 0.1 m. 

t This value was unchanged when the H.S was permitted to act 10 
minutes and then was removed in a stream of N; prior to the addition of 
gelatin and incubation. The small contributions of HS to “total acidity” 
were ascertained by means of controls. 


tivated). In this way it was established that the comparisons of 
papain activities on the basis of the action upon gelatin at 37° 
for 1} hours or more were fully significant and adequate for the 
purposes of this investigation. Our preliminary supplementary 
experiments in other directions suggest that a more elaborate 
study involving variations in substrates, buffer systems, tempera- 
tures, time of action, etc., would disclose many interesting facts 
regarding the activation behavior of papain without, however, 
significantly altering the main conclusions of the present study. 
The titration method used was found convenient and sufficiently 
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accurate for comparative purposes. The amount of formalde- 
hyde used is small compared with the concentrations recommended 
by Richardson (6) and others. The magnitudes of the titration 
values recorded are, doubtless, of themselves, of limited value for 
the estimation of the absolute degree of proteolysis. However, 
occasional control titrations with more formaldehyde (5 to 9 per 
cent of final volume), with thymolphthalein or phenolphthalein 
as indicator, gave results of the same order of magnitude as those 
recorded. * 

There are recorded in Table I pertinent data on control estima- 
tions of the activity of various papain preparations for comparison 
with the results of inactivations and reactivations given in Tables 
II to V. 


Discussion of Tabulated Results 


Action of Cuprous Oxide and Mercuri-Organic Derivatives— 
Typical results from this phase of the investigation are summarized 
in Table II. Cuprous oxide is known to be exceptionally useful 
for the isolation or characterization, as cuprous mercaptides, of 
sulfhydryl compounds of biological origin, notably glutathione 
(7) and ergothioneine (8). Its action upon papain is rapid and 
complete. Equally striking is the inactivating effect of mercuri- 
organic derivatives of the type RHgX (X = Cl, OH, ete.). It has 
been proved by several investigators (cf. (9)) that such compounds 
combine with mercaptans to form substituted mercaptides of the 
type, RHg—SR’. That the full enzymatic activity is found to 
reside in latent form in the filtrates from excess cuprous oxide and 
from the mercury derivatives of type RHgX appears to exclude in 
these experiments the probability of inactivation by adsorption 
and argues, on the other hand; for the assumption of some kind of 
chemical attack upon the enzyme system. Pertinent, in this con- 
nection, is the finding that the disubstituted derivatives bis- 
iodomethylmercury (10) or bis-p-tolylmercury introduced no sub- 
stantial inactivation. Evidently, also, the reactive organically 
bound halogen atoms of the bis-iodo compound had no marked 
effect. Hydrogen sulfide and hydrogen cyanide, unlike titanous 
ions (or complex ions derived from them), were found effective in 
reversing fully these inactivations and bringing the activity to its 
maximum. 
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TaBeE II 


Reversible Inactivation of Papain by Red Cuprous Oxide and by a Variety 
of Mercuri-Organic Derivatives 


























| piew-| 02m anes | ure 
Reagent added a = panna cent of cent of 
tion time | ing to — = 
proteol-| ®*"¥ — 
ysis ity ity* 
mg. hrs. ml. |. 
Cuprous oxide, Cu,Oftft......... Fea A. 100} 1} | 0.00 0 
Same + H,S$§.. Sopa ee 100; 14 | 2.62 100 
Phenyimereuric hydroxide, 
Ee error 100; 1} | 0.00 0 
Same + H,S.. 100; 13 | 2.53 100 
Phenylmercuric chloride, C.H:HgCl, 
TEE ooo eke one caiea te rkatns B. 50} 13 | 0.00 0 
Se ee paren 50} 184 | 0.00 0 
“ + HS 50; 14 | 2.01 100 
o US awmens 50 | 18} | 3.47 100 
“3 + HON, 0.02 M, ‘ul. SRE A ees 50] 2 1.90 90 
ee Oe ics cmenes 50 2 1.00 | 100 
Chloromethylmercuric chloride (10), 
CICH,HgCl, 5.7 mg. 7f.............. 50; 14 | 0.00 0 
SE oe a as ux baqewe dius 50 13 | 2.17 110 
img ge OE Ch OE eee ee 50; 14 | 0.00 0 
“« + 4HS.. : 50; 13 | 2.01 100 
Bisiodomethyimercury (10), 
ICH.HgCH.I, 4.8 mg. J**........... 50; 14 | 0.86 100 
Same + H.S.. ‘ 50 14 | 1.96 100 
Bis-p-tolylmercury, (GH 1.CH;),Hg, 
SARI Se 50; 13 | 0.96; 110 





* These “apparent percentages’’ are given as a convenient means of 
comparison of the results with those of Table I. They are usually rounded 
off to the nearest 10 per cent. 

t Gelatin, buffer, and papain were mixed, shaken at once (1 minute) with 
100 mg. of red oxide for each 100 mg. of papain, and filtered from excess oxide. 

t The clear filtrate (refiltered where necessary) was tested. 

§ Saturated H.S-water, 5 ml., was added in each case indicated as the 
last step prior to incubation. 

|| Papain plus water (2 ml. for each 100 mg.) was shaken with mercurial, 
33 mg. for each 100 mg. of papain, for 1 minute and filtered; buffer and gel- 
atin were then added as usual. 

{ Shaken for 1 minute with papain, 50 mg., and water, 1 ml., several 
portions being made up in one operation if needed; filtered only where 
indicated ({); buffer and gelatin then added. 

** The mixture was not filtered from excess mercurial. 
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Reversible Inactivation of Papain by Ozxidants—Papain is not 
rapidly inactivated by the uncatalyzed action of the oxygen of 
the-air. In the presence of cupric ions or, to a lesser degree, fer- 











TasBLe III 
Inactivation by Iodine and Reactivation by Reducing Agents 

Normal- apenas Papain | Diges-| yon apakelion 
iodine* prepara- | tion | "9.2 9 || Cent of | cent of 

Todine Reducing agent tion time t..4 x. 2 

ml. mg. hrs. ml. 

0.0023 | 3tt A. 100; 14 | 0.45) 30 

3t H.S-water, 5 ml. 100 1} | 2.57 100 

3t HS-glutathione (neu- 100; 1} | 2.81 110 

tralized), 30 mg. 
3t Thioglycolic acid (neu- 100; 13 | 2.75 110 
tralized), 15 mg. 

0.005 | 3f C. 50] 14 /0.10/ 10 

3t H.S 50; 1} | 2.00 100 
0.05 3t 50; 134 | 0.03 0 

3t “ 50} 13 | 2.03 100 

3§ 50} 14 | 0.00 0 

3§ sas 50; 1} | 1.00 50 

3]| 50; 14 | 0.00 0 

3]| = 50; 1} | 1.59 80 
0.1 0.2t B. 50} 2 | 0.00 0 

0.2¢ | TiCls, 0.02 m, 2 ml. 50} 2 1.30 | 125 

0.2¢ | HCN, 0.02 “ 4 “ 50 2 1.18 | 115 55 

0.2t 50} 184 | 0.00 0 

0.2¢ | HLS 50| 18} | 3.50 100 


























* Iodine solutions were made up with 5 equivalents of KI. 

t Iodine added to the mixture buffer-gelatin-papain; the mixture then 
stood 15 to 30 minutes at 25° before any other addition. 

t The reaction mixture (23 ml.) would have been 0.0003 n with respect 
to iodine if the latter had not reacted with the enzyme and gelatin present. 

§ Iodine added to gelatin-papain mixture which had been brought to 
pH 8.5 (with NaOH); the reaction mixture stood 1 hour at 25° before addi- 
tion of buffer and any other addition. 

|| Same as (§) except that gelatin-papain was not alkalinized before 
addition of iodine. 


rous ions, acting presumably as catalysts for oxygenation, inac- 
tivation may become appreciable (compare Table IV), but is re- 
versed by the action of hydrogen sulfide, reduced glutathione, and 
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other appropriate reducing agents. Of interest, in this connec- 
tion, are Bersin and Logemann’s observations (4) of the reactiva- 
tion, by glutathione, sulfite ion, or succinodehydrase-succinate, of 
papain after inactivation by hydrogen peroxide. 


TaBLe IV 
Aeration Experiments; Action of p-Benzoquinone 


Digestion time, 1.25 hours. 


























Papain | | — | — 
prepa- rity _y "| cent of | cent of 
ration initial *H:8” 
activity activity 
ml, 
Aeration (no addition of metal ions)*...... ‘ A | 1.75] 110 
Same + HS.............. . sarah wicca * 2.58 100 
Aeration (Cu** added)f........ Bs cies o 'e 40 
RE Ee en Re 66 2.41 90 
“ + HS-glutathione (neutralized), 30mg...| “ 2.52 100 
“ + thioglycolic acid - me .48 * oe 110 
Aeration (Fet* added)?..................06:. - 1.07 70 
NN ee ee ae : o 2.55 100 
Papain, treated directly with quinone$........ C | 0.03 0 
OR ee SS ee eee . 1.71 80 
Papain, treated at pH 8.5 with quinone|]..... -| “ | 0.09 10 
ES gS aE ee | - | 1.74 | 80 








* Papain, 100 mg., plus buffer, vigorously aerated } hour at 25° before 
addition of gelatin; caprylic alcohol used as antifoam. 

+t Same as the preceding experiment, except that there were also added, 
before the aeration, 3 ml. of 0.02 per cent CuSO,. 

t Same as the preceding experiment, except that FeCl:, 5 mg., was added 
instead of CuSQ,. 

§ Papain, 50 mg. (in 1 ml. of water) plus quinone, 1.3 mg., permitted to 
stand 1 hour before addition of buffer and gelatin. 

|| Same as the preceding experiment, except that the gelatin was added 
to papain and the mixture brought to pH 8.5 before treatment with quinone. 


Somewhat more rapid than oxygen as a depressor of activity is 
ferricyanide ion. For illustration typical experiments may be 
cited. Acting upon a solution of 50 mg. of papain, alone, for 1 
hour prior to incubation, 0.00001 mole of potassium ferricyanide 
reduced the apparent activity to 30 per cent of the initial value; 
the inactivation was less marked (65 per cent) when gelatin and 
buffer (pH 5) were present during the Ist hour of action. In the 











nec- 
iva- 
e, of 


>par- 
t per 
1:8” 
ivity 


sss 


;o S&S & 


ore 


is 
be 
I 
de 
e; 


id 








L. Hellerman and M. E. Perkins 249 


former case, the action of hydrogen sulfide restored the apparent 
activity to 80 per cent of the maximum and in the latter case, to 
90 per cent. In parallel experiments the reductant, ferrocyanide 
ion, was found not to affect papain activity. When 50 mg. of 
papain, to which had been added (at pH 5) 0.00004 mole of cys- 
teine, were treated with 0.00006 mole of potassium ferricyanide, 
its activity was found to be 100 per cent, and in the absence of the 
cysteine 65 per cent of the initial value. From this protective 
action of cysteine, it may be inferred that ferricyanide action upon 


TABLE V 


Latent Activity of Reversibly Inactivated Papain after Initial Period of 
Incubation in Buffer-Gelatin Reaction Mixtures 


Inactivators introduced by standard methods (Tables II to IV). 
Activity after initial incubation period (controls), zero. 

Addition after initial incubation period, 5 ml. of saturated H,S-water. 
Digestion time after H.S addition, 1.25 hours. 
Temperature, initial incubation and digestion, 37°. 














or Apparent 
: Initial ineu- , 
: Papain : NaOH, | percent of 
Inactivato. : bi ne A 
nactivator preparation mn 0.2N oitthe 
< : 1 Fic ere af mg. VF Siete: i i ane 
a eer eee A. 100 1} 2.43 95 
Phenylmercuric hydroxide......... 100 1} 2.45 95 
Iodine (3 ml., 0.003 N)......... nts 100 1} 2.41 95 
Quinone (2.5 mg.)............... 100 1} 2.14 85 
Iodine (3 ml., 0.005 N)........ cok oe 18} 1.73 90 
Phenylmercurie chloride......... . .| 50 183 | 1.86 95 





cysteine is decidedly more rapid than upon papain. Other factors 
cannot be fully evaluated at present. 

The remarkably consistent results obtained with iodine and 
quinone are clearly depicted by the typical data summarized in 
Tables III and IV. As regards the action of quinone, it may be 
said that under all of the conditions used, there resulted concomi- 
tantly with the extensive reversible effect a significant measure of 
irreversible inactivation. This fact is of added interest when con- 
sidered in conjunction with the astonishing stability of papain to- 
ward iodine. However, iodine also induced appreciable irrevers- 
ible inactivation under well defined conditions. The ability of 








250 Activation of Enzymes. II 


added titanous chloride to effect at least significant reactivation 
(after iodine) seems noteworthy. Of perhaps greater theoretical 
interest is the failure of hydrocyanic acid to bring the activity to 
its maximum after the action of iodine (cf. (1)). 

Stability of Reversibly Inactivated Papain—That papain, treated 
with the inactivators used in this work, maintains rather remark- 
able stability in the presence of the substrate, gelatin, is shown by 
the data of Table V. After the appropriate application of cu- 
prous oxide, mercurials, iodine, or quinone the inactivated pro- 
teinase may be incubated at 37° with buffer and gelatin for 1 to 
18} hours, after which the addition of hydrogen sulfide brings 
about almost maximum reactivation, as shown by the subsequent 
determination of proteolytic activity. 


Action of Various Ions 


None of the following salts, under the conditions used, caused 
an inactivation greater than 15 per cent: manganous sulfate, co- 
baltous nitrate, nickelous nitrate, ferrous sulfate, magnesium chlo- 
ride, zine acetate, palladous chloride, lead acetate, sodium fluoride. 
In each determination, 0.00003 mole of the salt for 50 mg. of pa- 
pain was added to papain-buffer-gelatin at pH 5 prior to incuba- 
tion. The enzyme may have been protected against the action of 
some of the salts by the buffer present. With mercuric chloride 
there resulted, as anticipated, inactivation to zero—fully reversible 
by the action of hydrogen sulfide. The ions, Mnt++, Cot*, and 
Nit++, in common with Fe++, may be catalysts for the oxygenation 
of papain. Added with ascorbic acid, ferrous ion apparently ac- 
tivated papain appreciably, in agreement with the interesting ob- 
servations of Maschmann and Helmert (11). This effect, in con- 
tradistinction to that of Fe++ alone, would be comprehensible in 
the light of views expressed in this paper if the combination of as- 
corbic acid with the ions of the reversible Fe++: Fe+*++ system con- 
verted the latter to complex ions of a markedly negative oxidation- 
reduction system. This possibility is under investigation in this 
laboratory. 


Activation of Papain by Cysteine, Hydrogen Cyanide, and Other 
Reducing Substances. Non-Activation by Ergothioneine 


A series of tests of activation (Preparation B, 50 mg.; 2 hours) 
with cysteine hydrochloride, 0.2 to 12.5 mg., neutralized and added 
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to papain-buffer-gelatin before incubation disclosed the following: 
with increasing amounts of the activator up to 3.0 mg. (0.000019 
mole) the degree of activation rose rapidly from 40 to 95 per cent 
of the maximum with cysteine; with 6.3 mg. (0.00004 mole) the 
activity was maximal (corresponding to 2.90 ml. of 0.2 Nn NaOH), 
and was not increased by the addition of more cysteine (to 12.5 
mg.). Cysteine activation is thus strongly suggestive of a defi- 
nite chemical attack (reduction?) upon the system activated, a 
given quantity of cysteine being apparently equivalent to a defi- 
nite amount of the enzyme. 

Similar series of tests with hydrogen cyanide, 0.02 m, (NaCN 
solution brought to pH 5 by the addition of HCl) and TiCl;, 0.02 
m, yielded roughly corresponding results. With 4 ml. of HCN, 
the activity was approximately maximal (2.19 ml. of 0.2 Nn NaOH), 
2 ml. effecting 90 per cent and 1.0 ml. 80 per cent of the observed 
maximum activity with this reagent. The maximum activity 
with hydrogen sulfide under similar conditions corresponded to 
2.15 ml. of 0.2 Nn NaOH. With 2.0 ml. of TiCl; the activity was 
170 per cent of the initial value (1.77 ml. of 0.2N NaOH). Oxygen 
was not rigorously excluded in the preliminary tests with TiCl; 
and the maximal effect of this reagent not determined. 

It is of interest that thiosalicylic acid (carefully crystallized) or 
its ion, CsH,(SH)COO-, in which the sulfhydryl group is carried 
by a benzene nucleus, is a good activator. 

Ergothioneine, unlike cysteine and glutathione, was found in- 
capable of activating papain. Indeed, its action was somewhat 
depressant. For this and related studies ergothioneine hydro- 
chloride was prepared from pig blood by the method of William- 
son and Meldrum (8) and the free base crystallized according to 
Benedict, Newton, and Behre (12). Its purity was established by 
analysis (C, H, N). The inertness of the sulfhydryl sulfur of er- 
gothioneine (13) in this instance is, perhaps, in keeping with the 
general behavior of thiolglyoxalines. 


GENERAL DISCUSSION 
Papain seemingly dges not come into equilibrium rapidly with 
certain strictly reversible systems (e.g. Fe(CNs)™:Fe(CN).), the 
oxidants of which are capable of effecting its reversible inactiva- 
tion. This is in harmony with the behavior of crystalline urease. 
Indeed, our unpublished work indicates, in agreement with Sum- 
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ner’s experience (private communication) that the inactivation of 
urease by ferricyanide is negligibly slow. Although phenol-indo- 
phenol and 2,6-dichlorophenol-indophenol were likewise found to 
depress urease activity inappreciably, p-benzoquinone, the oxidant 
of a system of comparable potential, under the conditions, de- 
pressed the urease activity rapidly and irreversibly to zero. This 
specific irreversible action of quinone in the case of urease and to 
a lesser degree, papain, may be quite plausibly attributed to an 
attack through the reactive olefinic groups of the quinone (e.g. 
addition of —-NH, or —SH groups) rather than by a direct oxida- 
tion. The inactivating effect of quinone upon papain is exten- 
sively reversible and the reversible portion of the action most prob- 
ably coincides with oxidation. 

In connection with the reversible inactivations of papain by 
oxygen (with appropriate catalysts) and by iodine, it may be said 
that the observations are in excellent general agreement with those 
made upon crystalline urease, although the latter enzyme is more 
sensitive to irreversible attack by iodine than papain. 

The responses of papain activity to the action of the various 
oxidants used are again suggestive of those to be anticipated were 
the active enzyme a reduced molecule, En—SH, capable of being 
reversibly inactivated by controlled oxidation to an inactive 
dithio form, En—S—S—En. This is depicted as follows: 


(oxidation) 


2En—SH ~— En—S—S—En + 2(H) (1) 


(reduction) 


(Active) (Inactive) 


Sulfhydryl-dithio systems, although reversible oxidation-reduction 
systems in a broad sense, have not yet been shown experimentally 
to come into equilibrium rapidly with strictly reversible systems, 
such as the dye and quinone systems. Their oxidation-reduction 
chemistry remains, thus far, a specific one. Extending the an- 
alogy with sulfhydryl chemistry a little further, we might antici- 
pate, for the reduction of hypothetical dithiopapain by cysteine or 
glutathione (R—SH) an over-all transformation schematically 
represented thus: 


En—S—S—En + 2R—SH ~_”? 2En—SH+R—S—S—R (2) 
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The reducing action of other reagents might introduce slight varia- 
tions. For example, the full latent activity of oxidized papain 
would not necessarily be elicited in the first stage of action by hy- 
drogen cyanide or hydrogen sulfide. The following possibilities 
may be considered (cf. (14)). 


En—S—S—En + HCN —— En—SH + En—SCN (3) 
En—S—S—En + HSH —— En—SH + En—S—SH (4) 


Cysteine appears to activate available partially inactivated prep- 
arations of papain to a much higher level than hydrogen cyanide 
or hydrogen sulfide (which have comparable effects) and the source 
of such a divergence may well be sought not only in specific differ- 
ences in the relative rates of reaction but further in actual varia- 
tions in the mode of chemical attack. Thus, if Equations 2 to 
4 have any validity, it would be anticipated that cysteine should 
produce more of the active material from a given quantity of oxi- 
dized papain than hydrogen cyanide or hydrogen sulfide, although 
secondary actions involving the hydrolysis of such a product as 
En—SCN or the disproportionation of En—S—SH might slowly 
yield more of the thiol form. If preparations of papain may be 
assumed to contain the enzyme system in a partially reduced state, 
the foregoing considerations very plausibly account for the ob- 
served differences in the activating abilities of hydrogen cyanide 
or hydrogen sulfide and of cysteine. Until, however, more direct 
evidence for the sulfhydryl theory as applied to papain shall have 
been brought forward, these remarks must be regarded as ten- 
tative and further discussion is deferred until more exhaustive 
quantitative work shall have been completed. 

The apparent slight content of glutathione or similar compounds 
in the papain used by us, considered in relation to the higher order 
of magnitude of cysteine concentration found necessary to induce 
appreciable activation, makes attractive the assumption that the 
oxidation and reduction effects reported concern an attack upon 
the papain molecule itself rather than upon supplementary activa- 
tors present in the enzyme preparations. Lipmann (15) recently 
made a similar suggestion in explanation of his findings indicating 
a reversible oxidative inactivation of glycolytic enzymes by 
oxygen. 

The assumption of a control of activity through the thiol groups 
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of papain as well as urease seems quite consistent with the obser- 
vations of reversible effects obtained from the actions of cuprous 
oxide and organic mercury compounds upon these enzymes. De- 
tails have already been discussed. For the representation of such 
actions, we have postulated the following type equations. 


2En—SH + Cu,0 ~~” 2En—S—Cu + H:0 (5) 
En—SH + HO—HgC.H; or En—S—HgC,H;s + H: O (6) 


Assumptions of specific physiological implications of the results 
of these studies, although tempting, need not be reviewed at this 
time. Of particular interest is the probability that processes of 
reversible oxidation-reduction may provide an important mecha- 
nism for the control in vivo of the activity of intracellular enzymes 
(hydrolytic and others), influencing, thereby, the metabolism of 
cells. On the other hand, the observations of the reversible ac- 
tions of mercuri-organic derivatives may suggest certain ap- 
proaches to an understanding of the mode of action from a chemi- 
cal point of view of some chemotherapeutic substances. 


SUMMARY 


It has been shown that papain may be reversibly inactivated 
by means of catalyzed but not of uncatalyzed oxygenation and by 
the action of iodine, quinone, and ferricyanide ion. The reversals 
are extensive and are effected by a variety of reducing substances. 
Certain metallic derivatives, notably cuprous oxide and mercurials 
of the type RHgX, which are known to form with thiol compounds 
characteristic derivatives (mercaptides), suppress completely the 
papain activity, which again may be regenerated by the action of 
appropriate reagents. As a guide to investigation there was em- 
ployed a working hypothesis which assumed that such effects may 
be attributed to reversible chemical actions upon the thiol groups 
of the enzyme molecules themselves. This hypothesis was found 
useful previously in a similar investigation upon crystalline urease. 
The activating effects of hydrogen cyanide and particularly cys- 
teine suggest a stoichiometric relationship in the action of these 
reagents upon papain. Ergothioneine was found incapable of 
activating papain under conditions favorable for the action of 
glutathione and cysteine. 
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ON THE REVERSIBLE INACTIVATION OF PNEUMO- 





THE EFFECTS OF OXIDATION AND REDUCTION AND OF 


(From the Department of Physiological Chemistry, the Johns Hopkins 


An interesting phenomenon of perhaps far reaching biochemical 
importance is the apparent control of several enzyme actions 
through processes of oxidation and reduction. It has been known 
for some time that hydrolytic enzymes such as papain (1) and 
urease (2) can be inactivated by oxidation and by heavy metals and 
that certain thiol compounds and cyanide can activate them. The 
recent observations by Hellerman, Perkins, and Clark (3) and by 
Hellerman and Perkins (4) have not only extended the older find- 
ings but have shown that urease and papain may be reversibly 
inactivated by controlled oxidation and reactivated by suitable 


This recalls the work of Avery and Neill (5), who found that 
pneumococcal hemolysin may be inactivated by air and H,O., and 
that of Neill (6), who showed that hemolysin thus inactivated may 
be restored to activity by reduction, either with Na,S,O, or with 
certain anaerobic bacteria. These observations are readily con- 
firmed (7). We have examined further into the effects of oxida- 
tion and reduction on this lytic activity, and in addition, the effects 
of certain metallic ions and organo-mercuric compounds, and 
have found a most significant parallelism with the corresponding 








Since our bacteriological and serological procedures were sub- 
stantially like those described by Avery and Neill (5), only the 
general features and important deviations need be outlined here. 





258 Reversible Inactivation of Hemolysin 


Culture—The source of hemolysin was a strain of pneumococ- 
cus Type II (Cole), kindly furnished by Dr. J. Howard Brown. 
Stock cultures were maintained on pork-infusion-agar, approxi- 
mately pH 7.6, to which were added 5 drops of sterile, defibrinated 
rabbit blood. 

Extraction of Hemolysin—An 18 to 24 hour growth from 35 
ml. of pork-infusion-broth was centrifuged and the pneumococci 
resuspended in 1 ml. of broth (approximately pH 7.6). The tube 
was sealed with vaseline, the cells quickly frozen and thawed 8 
to 15 times, the residue spun out, and the clear extract removed 
aseptically and stored under a vaseline seal at 4°. 

Test for Hemolytic Activity—The substrate was a standardized 
1 per cent suspension of rabbit red blood cells, thrice washed in 
M/15 phosphate buffer of pH 7.6 (8) and then suspended in the 
buffer. Occasionally, 0.9 per cent NaCl solution was used to 
avoid possible precipitation of metal ions by the buffer phosphate. 
The test was performed in 10 X 75 mm. tubes with 2 ml. of red 
cell suspension. Complete hemolysis by a potent extract occurred 
within 5 minutes; we made final readings usually after 3 hours of 
incubation at 37°. The degree of hemolysis was recorded as 0, 1, 
1+, 2, 2+, 3,3+, 4, or 4+ corresponding roughly to 0, 12, 25, 
38, 50, 63, 75, 88, or 100 per cent hemolysis. This crude scale 
was sufficient for the purpose. 

Orienting experiments showed that the hemolysin is exten- 
sively inactivated irreversibly after a 15 minute contact with an 
equal volume of 0.1 N HCl or NaOH at 25°. In the Clark and 
Lubs buffers, the red cell suspension is apparently stable between 
pH 5.6 and 8.8, and optimal hemolysin activity is maintained from 
about pH 6 to8. We buffered our solutions at pH 7.6 because the 
pneumococcal extracts were prepared in broth of approximately 
this pH. 

Reagents—These were freshly weighed out and dissolved in dis- 
tilled water or buffer, or suspended in the pneumococcal extract. 
Solutions of sensitive compounds like H,O., hydroquinone, or ben- 
zoquinone were chilled, kept in the dark, and used as quickly as 
possible. The iodine solution was a 0.1 N stock containing 0.075 
MKI. Acidic reagents were neutralized with Na,COs. 
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Action of Oxidants 


Potent extracts stored under a vaseline seal at 4° were found 
unaltered in hemolytic activity for at least several weeks. Ex- 
posure of 1 ml. of an active extract to air at 25° for 2 hours caused 
no appreciable loss of activity. At the end of 12 hours the activ- 
ity had declined to zero, whereupon the addition of Na,S,0, re- 
stored it practically completely. The brief exposures to air ne- 
cessitated by our manipulations of the stock extract were not of 
serious moment in the experiments to be reported. 


TaBLeE I 


Pneumococcal Hemolysin; Inactivation by Iodine and Reactivation by Certain 
Reductants 


Extract exposed to reagents 30 minutes before testing. 

Reagent solutions in M/15 phosphate buffer, pH 7.6: Mixture B, 0.01 
n I, + 0.0075 m KI; Mixture C, reduced glutathione, 0.04 m + 0.02 m Na,CO;; 
Mixture D, saturated aqueous solution, about 0.07 m. 

Controls of red blood cells plus reagent showed no hemolysis. 





Quantity (ml.) of mix- 
Calculated | ture and degree of he- 























Mixture ay molysis after 3 hrs. 
reagent | 5 10 | 0.05 | 0.025| 0.001 
ic IE, id tact cibanenaies eee de 4+) 4+) 3 
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Inactivation by Iodine—An illustrative experiment’ will best show 
the procedure and the type of results obtained (see Table I). A 
very potent pneumococcal extract was mixed with iodine (in 
KI) and allowed to react for 30 minutes at room temperature. 
Graded portions of the mixture were then added to 2 ml. of red 
cell suspension and incubated for 3 hours at 37°. The result (Mix- 
ture B, Table I) shows that the hemolytic activity was partly 
diminished. (Iodine alone had no hemolytic effect on the red 
cells.) Portions of the partly inactivated extract were treated 
with H.S, reduced glutathione, or Na,S,0, for 30 minutes. These 
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reagents produced partial or complete reactivation. In another, 
strictly comparable experiment, Mixture F in Table I, we found 
that hydroquinone wiped out all residual activity, a result which 
was not unexpected, since some quinone must have been formed 
in the mixture. As will be seen below, the hemolysin is rather 
sensitive to quinone. 

Numerous experiments with iodine, which need not be cited in 
detail, show that some or all of the hemolysin may be inactivated 
irreversibly if the iodine concentration be too high or the time of 
exposure prolonged. The iodine-treated hemolysin can be re- 
activated wholly or partially by H.S, NaS.,0,, reduced glutathione, 
thioglycolic acid, NaCN, or ascorbic acid. Ergothioneine does not 
reactivate the lysin. 

Inactivation by Ferricyanide—Ferricyanide alone or mixed 1:1 
with ferrocyanide inactivates the lysin. The rate of inactivation is 
much slower than that obtained with comparable concentrations 
of iodine. Reactivations are readily obtained with H,S, Na,8,.0,, 
and thioglycolate ion. 

Action of Benzoquinone—Hemolysin treated with quinone is 
usually inactivated irreversibly within a few minutes. We have, 
however, obtained partial, reversible inactivation by using very 
low concentrations of quinone with exposures of 1 to 2 minutes. 
The reason for this extreme susceptibility of the lysin is not clear. 
The fact that quinone is not only a simple oxidant but also has a 
specific reactivity is suggestive. 

Action by Other Oxidants—Hydrogen peroxide, SeO., and azo- 
chloramid (N ,N’-dichloroazodicarbonamidine) (9) all cause in- 
activation which is reversed wholly or partially by subsequent 
treatment with H,S or cysteine. 


Action of CuzO and Mercuri-Organic Derivatives 


Table II summarizes the results. 

The hemolysis due to heavy metal salts, especially those of mer- 
cury (10), introduced a difficulty in our experiments. This was 
finally resolved by the observation that the hemolysis by mercury 
compounds is relatively slow compared to the inactivation of the 
pneumococcal hemolysin. Therefore, we made readings after 15 
to 30 minutes incubation (instead of the usual 3 hours), during 
which time the controls of red cells plus mercurial were still 
negative. 
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Cuprous oxide, well known for its ability to form cuprous mer- 
captides with sulfhydryl compounds, inactivates the lysin, in part 
irreversibly. 

Organo-mercurials of the type RHgX, where X = Cl or OH 
(Mixtures D to G, Table II), likewise mercaptide-forming, also 
produce reversible inactivations. On the other hand the mercurial 


TaBLe II 
Action of CuzO and Organo-Mercurials on Pneumococcal Hemolysin 


Controls of reagent plus red blood cells showed no hemolysis. 

Mixture A, pneumococcus extract diluted one-fifth with buffer pH 7.6; 
Mixture B, red Cu,O shaken with extract 8 minutes, allowed to settle 45 
minutes; supernatant liquid used; Mixtures C, E, G, I, H.S, saturated 
aqueous solution, about 0.07 m; Mixture D, CsH;HgOH, solid shaken with 
extract every 10 minutes; supernatant liquid used; Mixture F, CICH,HgCl, 
see (11); treatment as in D; Mixture H, (CH.I).Hg, see (11); treatment as 
in D. 
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of the type RHgR (in Mixtures H and I) shows, as expected, no 
demonstrable action on the hemolytic substance in the extract. 


Action of Reducing Agents 


Sodium dithionite (Na2S,0,), which was first employed for this 
purpose by Neill (6), is effective as an activator, although its 
decomposition products introduce secondary reactions. 

Thiol compounds like H,S, cysteine, reduced glutathione, and 
thioglycolate ion reverse rapidly and usually completely the inac- 
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tivations caused by controlled oxidations. H,S and cysteine (the 
only reagents tested) reverse the inactivations produced by Cu,O 
and the effective organo-mercurials. Ergothioneine is ineffective 
after iodine inactivation; this is no doubt due to the peculiar 
chemistry of this thiol compound. 

Cyanide—The results with sodium cyanide were not as prompt 
nor as clear cut as with the other activators. After mild oxidation 
with iodine, cyanide reactivated the hemolysin, but only partially. 


TasBie III 
Action of Ascorbic Acid with and without Iodide Ion 


Controls of reagent plus red blood cells showed no hemolysis. 

Reagent solutions in phosphate buffer, pH 7.6: Mixture B, 0.01 n I, + 
0.0075 m KI; Mixtures C and F, ascorbic acid, natural (Merck) 0.1 mM; Mix- 
tures D and H, H,S, saturated aqueous solution, about 0.07 m; Mixture E, 
azochloramid, saturated aqueous solution, about 0.005 m; Mixture G, 
ascorbic acid 0.1 m + KI, 0.01 m. 
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It is possible that we have not discovered the proper conditions for 
the process. 

The destructive effect of hydroquinone has already been 
discussed. 

Fluoride, Chloride, and Iodide—These ions are without apparent 
effect on the lysin. 

Ascorbic Acid—This compound partially activates after iodine 
inactivation but very little after azochloramid. The presence of 
iodide ion greatly enhances the reactivation by ascorbic acid. 
The experiments are detailed in Table ITI. 
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This enhanced reducing ability of ascorbic acid in the presence 
of iodide may be related to certain peculiarities in the electrode 
behavior of the compound. In the first place, reversible oxida- 
tion-reduction potentials reported for this compound, for instance, 
by Borsook and Keighley (12) were apparently determined in the 
presence of iodide. Secondly, Dr. Ball in this laboratory finds 
that stable potentials in the ascorbic acid system are difficult to 
obtain, whereas the presence of iodide is accompanied by more 
rapidly attained potentials, stabilized at lower levels. 

Catalyzed Hydrogen—Our platinized asbestos catalyst was with- 
out effect on hemolysin activity. However, when hydrogen was 
bubbled through the suspension of catalyst in an active extract, 
there were evidences of destruction of the hemolytic activity. 
Iodine-inactivated hemolysin was almost entirely destroyed by a 
5 minute exposure to catalyzed hydrogen. The conditions were 
apparently too drastic. 


DISCUSSION 


Although many interesting details remain to be worked out, 
especially some of the quantitative aspects, our results show in 
varied detail some of the ways in which the activity of pneumococ- 
cal hemolysin is controlled by oxidation and reduction. The 
original observation of Neill (6) on the reversibility of the lytic 
activity has thus been confirmed with a wider range of reagents. 
In addition, these experiments advance our knowledge as to the 
probable chemical mechanism involved. A significant insight into 
the chemistry of the essential component or components is fur- 
nished by the following observations which are all remindful of 
sulfhydryl reactions. (a) Cu,O is practically specific for thiol 
compounds in the sense that it rapidly reacts with them to form 
mercaptides; hemolysin is rapidly and reversibly inactivated by 
Cu,0. (6) Those organo-mercurials which form mercaptides 
with thiol compounds likewise inactivate the hemolysin reversibly. 
(c) The organo-mercurial, RHgR, whieh cannot form a mer- 
captide, does not inactivate the hemolysin. (d) The slow rate of 
inactivation under comparable conditions by ferricyanide in con- 
trast to the rapid, sometimes destructive, action by iodine and 
quinone recalls again the behavior of these reagents towards thiol 
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compounds. These all lead to the inference that compounds with 
the thiol group may be essential to the lytic activity. 

However, we do not as yet have any direct determination of the 
thiol sulfur content of pneumococcal extract. Our results with 
the nitroprusside reaction were not satisfactory because of dis- 
turbing precipitation when molar ammonia was added to the ex- 
tract. All that can be said now is that 0.5 ml. of pneumococcal 
extract yielded the faintest perceptible coloration with nitroprus- 
side under conditions where 0.0001 m cysteine just yielded a posi- 
tive reaction. However, it should be emphasized that this test 
is not a reliable one for the thiol group. 

Of outstanding importance, it seems to us, is the demonstration 
of the essential similarity in behavior to oxidation and reduction 
and towards mercaptide-forming substances of pneumococcal 
hemolysin, on the one hand, and of urease and papain (3, 4), on 
the other. Most of the activations and inactivations of these 
hydrolytic enzymes suggested and found their confirmation in the 
experiments with the hemolysin. So far as comparisons are per- 
missible, it seems that in the pneumococcal extract the stability 
of the hemolysin in the various tests lies somewhere between that 
of papain and that of the more sensitive urease. 

The cell extract containing the hemolysin was undoubtedly a 
mixture of various enzymes (13) and other substances; conse- 
quently it is not possible to say whether the oxidative and reduc- 
tive control was exerted on the hypothetical lysin molecule or on 
an equally hypothetical coenzyme or auxiliary substance which 
conceivably may be required for this hemolytic process. 

It is tempting to consider the hemolysis as an enzymatic proc- 
ess, perhaps due to a protease or a lipase, but our evidence is 
too slender. Nevertheless, whether the hemolysin is like the 
recognized hydrolytic enzymes or not, we know of no valid positive 
reason against considering it a biological catalyst. 


SUMMARY 


The hemolysin obtained as an extract from frozen and thawed 
pneumococci, Type II, can be inactivated reversibly by a variety 
of oxidizing agents and by compounds like Cu,O and certain or- 
gano-mercurials which are known to form stable mercaptides with 
thiol compounds. The lysin, reversibly inactivated by oxidizing 
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agents, may be reactivated not only by many thiol compounds 
but also by other reducing agents, e.g. cyanide, ascorbic acid plus 
iodide. Hemolysin inactivated by metallic compounds can be 
regenerated by H,S and cysteine. 

Oxidizing and reducing agents and those which form mercap- 
tides produce effects on hemolysin which are strikingly analogous 
to their actions upon the hydrolytic enzymes urease and papain. 
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THE SOLUBILITY OF THE STEREOISOMERS OF 
CYSTINE WITH A NOTE ON THE IDENTITY 
OF STONE AND HAIR CYSTINE 
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(From the Department of Biochemistry, School of Medicine, George 
Washington University, Washington) 


(Received for publication, July 25, 1934) 


Frequent references have been made in the literature to the 
greater solubility of “inactive cystine’ compared to that of L- 
cystine, estimates of a solubility of 3 to 6 times that of Lcystine 
having been made. The isolation of meso- and dl-cystine from 
inactive cystine (1, 2) has demonstrated that these earlier deter- 
minations had been made on a mixture of isomers. Their isolation 
has now made possible an accurate determination of their true 
solubility. As we shall show presently, both of these isomers are 
actually less soluble than the optically active /-cystine. 

Recently it has been suggested (3) that d-cystine is about 4 
times as soluble as l-cystine. This was admittedly very unor- 
thodox, but the authors seemed to be justified in drawing such a 
conclusion from a phase study of partially and completely race- 
mized cystine preparations. The isolation of d-cystine (4), how- 
ever, has made possible in the present study the direct determina- 
tion of the solubility of d-cystine in comparison with that of 
Leystine. No difference in ‘the solubility of these two optical 
isomers was detected. 

The solubility of these stereoisomers has also been of interest 
to us because their solubility can be utilized as an exacting criterion 
of their purity. Even for the optically active isomers it is by far 
the most sensitive criterion of homogeneity. 

A curious fact, however, has been brought out by these solu- 
bility data. When the solubilities of mesocystine and dl-cystine 
were determined, it became apparent that a simple summation 
of their individual solubilities was far too low to account for the 
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values recorded in the literature on the solubility of unfractionated 
inactive cystine obtained from the racemization of /-cystine with 
HCl (5). In fact, even if one of the optically active isomers were 
present in addition to the two inactive forms, the solubility such 
as found by Andrews and deBeer (3) is still far greater than would 
be predicted on the basis of a summation of the individual solubili- 
ties of these stereoisomers. Andrews and deBeer, for example, 
reported a solubility of 0.644 gm. per liter for an optically inactive 
sample of cystine and Hoffman and Gortner (5) found a value of 
0.490 gm. per liter for a similar sample. We have been able to 
confirm the high solubility of such samples of unfractionated in- 
active cystine. 

In an attempt to throw light on the cause of the high solubility 
of this inactive cystine we have undertaken various experiments 
on the solubility of mixtures of the isomers, in order to see if one 
isomer affected the solubility of another. Furthermore the pos- 
sibility occurred to us that a meso molecule might unite with a 
dextro or levo molecule to form compounds analogous to a racemic 
compound formed from the dextro and levo molecules. Such a 
compound would then act as an independent phase and might in 
part explain the high solubility of the inactive cystine mentioned 
above. On a priori grounds we can see no reason why such 
combination might not take place. We, therefore, included in 
this study a few preliminary experiments to investigate this 
possibility. 

Some question has been raised within recent years as to the 
identity of stone and hair cystine (6). It occurred to us that a 
study of the solubility behavior of stone and hair cystine should 
prove to be of much help in the study of this question. If stone 
and hair cystine were identical, then both should have, of course, 
the same solubility and, what is of even greater significance, a 
mixture of the two should give no higher solubility then either 
sample; whereas, if the compounds were different, an increased 
solubility should result on mixing the samples. 

In addition to these considerations it might be remarked that, 
of the compounds whose configurations make possible a meso 
structure, only an extremely limited number are known in which 
all four isomers, d-, I-, dl-, and meso-, have been isolated. Obser- 
vations on their solubility relationships are even more scarce. 
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The opportunity presented by these four isomers for this as well 
as other types of both chemical and physical comparative studies 
is, therefore, of increased significance. 


Methods 


For the solubility determinations a weighed amount of the sample 
and a known amount of distilled water were placed in an 8 inch 
test-tube which was tightly stoppered. The tube was then 
attached at right angles to a revolving bar in a water bath at 25°. 
After 24 hours in the bath, the tube was removed and the suspen- 
sion immediately filtered by means of suction through a dry 
sintered glass filter, the time of filtration being such that no appre- 
ciable evaporation resulted. Longer periods of shaking did not 
change the solubility values. 

The amount of cystine in solution was immediately determined 
by the Folin-Marenzi method (7). It was found in using such 
dilute cystine solutions that a stronger color developed if the acid 
solution was allowed to stand 2 minutes with Na,SO; instead of 
the customary 1 minute. Care was taken in the final determina- 
tions to have the standard and unknown at very nearly the same 
concentration. Duplicate analyses were made on all extracts. 
The pH of the distilled water used was 6.0 + 0.1. 

Individual Solubilities of the Four Stereoisomers—The prepara- 
tion of pure mesocystine and dl-cystine has been previously given 
(2). The purification of the optically active isomers was also 
accomplished by this same general procedure. The samples 
were thoroughly washed with water and were chloride-free. The 
purified samples of J- and d-cystine gave the following specific 
rotations with a 1 per cent solution in 1 n HCl, [a]? = —223.4° 
and [a]? = +223° respectively. The values obtained for all 
four isomers with small and large excess of solid phase present are 
givenin TableI. For the sake of comparison the values obtained 
by various other workers for /-cystine are given in Table II. 

In the case of the meso isomer as shown in Table I the same 
solubility was obtained irrespective of the amount of solid phase 
present, which showed the absence of traces of the other isomers. 
On the other hand, the slight increases in apparent solubilities of 
the other three isomers, when the amount of solid phase present 
was increased over 10-fold, indicate that these samples were not 





PD AP TESTE re 


ee Fan. ease ee ee 


Pet eos 
pe ee ee 


= 


Bs 


ete Pee ae Sa ewe wd 


were tT eye 


aS 


pee eer 








270 Solubility of Cystine 


absolutely homogeneous. It is quite apparent, however, that with 
such a slight increase in apparent solubility with such a large 
increase in the excess of solid phase employed these samples are of 
extremely high degree of purity, and therefore the solubilities 
obtained where only a small excess of solid phase was used must 
represent very closely the true solubilities of these isomers. 


TABLE I 
Solubility of Purified Cystine Isomers with 50 Cc. H:O 


























Sample 5 mg. 8 mg. 100 mg. 
gm. per l. gm. per l. gm. per l. 
a ho as ect te al eid d 0.108 0.112 
i a ileal Keine dep algeria 0.108 0.113 
ER tinh s15ckaa kak ks 4nd one 0.049 0.057 
EDS Sod vcccecs ciuceeesces 0.056 0.056 
TaB_e II 
Solubility of l-Cystine 
Solubility Temperature Observer 
gm. per l. ww. 
0.111 17 Mérner (8) 
0.113 19 Neuberg and Mayer (9) 
0.190 20 Hoffman and Gortner (5) 
0.168 20 Pfeiffer and Angern (10) 
0.116* 25 (pH 5.88) Sano (11) 
0.109 16-18 Blix (12) 
0.075 25 Andrews and deBeer (3) 
0.133 24-27.5 (pH 6.4) Toennies and Lavine (13) 











* Determined in buffered solutions. 


dl-Cystine, a Compound or a Mixture?—The fact that the solu- 
bility of the racemic isomer is lower than that of the active form 
is an indication in itself that dl-cystine is a racemic compound and 
not a mixture. Further evidence towards this was provided by 
the observation that /-cystine dissolves in a saturated solution 
of the racemic isomer. If the latter had been a mixture this solu- 
tion would have been saturated with respect to the levo isomer and 
the /-cystine would not have dissolved when brought in contact 
with the saturated solution of dl-cystine. 
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In connection with this aspect of the work, an interesting experi- 
ment was performed which further strengthened the above conclu- 
sion and which demonstrated the conversion of d- and I-cystine 
to dl-cystine in aqueous solution. 20 mg. samples of both d- and 
L-cystine were mixed together with 100 cc. of water at 25° and the 
amount of cystine dissolved was determined in aliquots removed 
from time to time. The amount of cystine in solution after 15 
minutes had reached a value of 0.203 gm. per liter and increased 
to a maximum of 0.215 gm. per liter in 10 hours. After remaining 
at this level for 12 hours, the amount of cystine in solution began 
to decrease and at 180 hours reached a value of 0.057 gm. per liter. 
At this stage the solid phase on microscopic examination appeared 
to consist entirely of crystals of dl-cystine. 

Solubility of Simple Mixtures of Isomers—In order to see if mix- 
tures of the isomers might yield solubility values approaching the 
high solubility of unfractionated inactive cystine discussed earlier 
in the paper, the solubilities of various combinations of the isomers 
were studied. In the first place, if the unfractionated inactive 
cystine consisted merely of di-cystine and mesocystine, then a 
mixture of the purified isomers should also yield the same high 
solubility. Solubility determinations carried out on mixtures of 
these two inactive isomers showed, however, that this was not the 
case. Such mixtures gave solubilities which were almost exact 
summations of the individual solubilities of the two isomers. 

To test further the possible influence of one isomer on the solu- 
bility of another, a mixture of all four isomers was made and the 
solubility of the mixture determined. 250 mg. of each of the 
isomers were thoroughly mixed together and 100 gm. of the mixture 
extracted with 50 cc. of water for 24 hours at 25°. The cystine 
content of the extract was 0.263 gm. per liter, or less than half the 
value mentioned above for unfractionated inactive cystine, and 
showed that the mere presence of all the isomers does not lead to 
an abnormally high solubility. 

Experiments were also carried out with mixtures of mesocystine 
and d-cystine and with mesocystine and /-cystine. The solubili- 
ties of these mixtures were only slightly, if any, greater than the 
summation of their individual solubilities. 

Solubility of Mixtures of Mesocystine with d-Cystine and of Meso- 
cystine with l-Cystine Precipitated from Acid Solution—In addition 
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to demonstrating that the presence of one isomer did not increase 
appreciably the solubility of another, the above series of experi- 
ments on simple mixtures of the isomers afforded no support to 
the concept that the meso isomer might combine with the active 
isomers to form new phases analogous to the compound formation 
between a pair of optical isomers. Nevertheless we felt that this 
should be further investigated, for there still remained the possi- 
bility that, if compound formation between the meso and the 
active isomers can take place, it might be favored in acid solution. 
It may be recalled that in preparing the unfractionated inactive 
cystine the material is obtained from an acid solution. It was, 
therefore, decided to dissolve mesocystine and /-cystine in HC! and 
determine the solubility of the product obtained from this solu- 
tion on neutralization. Accordingly a mixture of 500 mg. of 
-mesocystine and 500 mg. of /-cystine was dissolved in dilute HCl 
and precipitated by the careful addition of NH,OH. The sample 
was thoroughly washed with water and was chloride-free. 100mg. 
samples with 50 cc. of water were used in determining the solu- 
bility. A solubility of 0.332 gm. per liter was obtained which is 
about twice the summation of the individual solubilities of the two 
isomers. A similar experiment was carried out with mesocystine 
and d-cystine. The product obtained from the neutralization of 
the acid solution of these two isomers gave a solubility of 0.367 gm. 
per liter, again a value over twice the summation of their individual 
solubilities. Both experiments were repeated with similar results. 
Control experiments applying the same treatment to the indi- 
vidual isomers did not cause an appreciable increase in their 
solubility. 

To test whether the above preparations behaved like separate 
phases in giving additive solubilities when mixed, 100 mg. of the 
above mesocystine-d-cystine sample and 100 mg. of the meso- 
cystine-l-cystine preparation were thoroughly mixed and the 
solubility of the mixture determined. A value of 0.660 gm. per 
liter was obtained, which is of the same order of magnitude as the 
solubility of inactive cystine reported by Andrews and deBeer 
(3) and also found by ourselves. 

The high solubility of these mixtures may possibly be explained 
on the basis of compound formation between the meso and the 
optically active isomers in acid solution of the type which we have 
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just discussed above. The presence of these new compounds 
would increase the solubility values by acting as additive and 
independent phases. We well recognize that this is as yet merely 
a working hypothesis and that rigorous proof of the existence of 
such compounds remains to be established. We should like to 
point out, however, that the conception of the possible existence of 
such types of isomers may have a much wider stereochemical 
application than merely to this particular problem. 

We cannot, of course, draw the conclusion that the results 
obtained on the solubility of these mixtures necessarily explain 
the high solubility of unfractionated inactive cystine. They do 
show, however, that by combination of known isomers we can 
obtain a solubility as high as that of unfractionated inactive 
cystine. It might also be stated that the question of particle 
size has been considered but in our opinion does not explain the 
high solubility values of either our mixtures or the original unfrac- 
tionated inactive cystine. 

Identity of Stone and Hair Cystine—A cystine stone was pow- 
dered and extracted repeatedly with 2 per cent acetic acid to 
remove the phosphates present. The residue was recrystallized 
by dissolving it in dilute HCl and neutralizing the solution with 
NH,OH. The crystals formed were typical hexagonal plates. 

The solubility of the recrystallized sample was determined, 8 
mg. of compound with 50 cc. of water under the conditions men- 
tioned above for hair cystine being used. The extract contained 
0.109 gm. per liter. 

8 mg. of the hair cystine were mixed with 8 mg. of the stone 
cystine and the mixture extracted with 50 cc. of water at 25° as 
described above. The extract upon analysis showed the presence 
of 0.109 gm. per liter. To rule out the possible effects which the 
dilute HCl may have had on the stone cystine in its recrystalliza- 
tion, the solubility of unrecrystallized stone cystine was deter- 
mined. This was only slightly higher than the above figures and 
upon the addition of hair cystine to the sample no increase in 
solubility resulted, thus demonstrating as conclusively as possible 
the identity of the two samples. 


SUMMARY 


The solubilities of the stereoisomers of cystine, d-, I-, dl-, and 
meso-, have been determined. 
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274 _... Solubility of Cystine 


Evidence has been presented that the di-cystine is a racemic 
compound and not a racemic mixture. 

From a study of the solubilities of mixtures of mesocystine with 
d-cystine and of mesocystine with /-cystine precipitated from acid 
solution, some evidence has been obtained that compound forma- 
tion may take place between these isomers. It has been suggested 
that under certain conditions the d or | isomers may combine with 
the meso modification to yield compounds analogous to racemic 
compounds. It has also been suggested that the presence of such 
compounds acting as additional phases may explain in part, at 
least, the high solubility of the original unfractionated inactive 
cystine obtained in the racemization of /-cystine. 

The solubilities of stone and of hair cystine were found to be the 
same and upon mixing the samples the solubility did not increase, 
thus affording practically conclusive evidence of their identity. 
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(Received for publication, July 11, 1934) 


The oxidation of tyrosine and phenylalanine by various tissues 
has been studied by Kisch (1) and Krebs (2). Both these investi- 
gators, using tissue slices, showed that tyrosine and phenyl- 
alanine and many other amino acids increased the oxygen uptake 
of the tissue, and Krebs showed that deamination occurred at the 
same time. In studying the oxidation of amino acids by broken 
cell suspensions of the liver and kidneys of various animals we 
have shown that proline and alanine are oxidized by such prepara- 
tions (3). Tyrosine and phenylalanine have now been studied, 
and they also are readily oxidized. Under the same conditions, 
however, tryptophane, histidine, glutamic acid, and glycine are 
not oxidized. This indicated a certain specificity of the catalysts 
involved in amino acid oxidation, for the intact cells oxidize all 
these amino acids. That specific catalysts do exist is definitely 
shown for tyrosine and phenylalanine. The broken cell suspen- 
sions of the kidneys of most animals, for example, oxidize phenylal- 
anine readily, tyrosine slowly or not at all. The opposite is true 
for the livers. Further, KCN completely inhibits the oxidation 
of tyrosine but has no effect on the oxidation of phenylalanine. 
Other evidence also points to the specificity of the catalysts. 


EXPERIMENTAL 


The liver and kidneys of the rat, guinea pig, rabbit, cat, and 
dog were used. The animals were killed by decapitation, the 
tissue chopped with scissors, and then ground in a mortar with 
sand. For every gm. of tissue 0.5 to 1.0 cc. of 0.05 m phosphate 
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276 Oxidation of Tyrosine and Phenylalanine 


buffer, pH 7.8, was added and the suspension pressed through 
muslin. This pH is the approximate optimum for the oxidation 
of tyrosine and phenylalanine, which proceeds much more slowly 
at pH 7and9. 1.0cc. of this suspension was used in the Warburg 
vessels and amino acids and buffer were added to a final volume of 
2.0 cc. J-Tyrosine was made up in a solution of 2.0 mg. per cc., 
dissolved by warming, and 0.5 to 1.0 mg. was used in each vessel. 
dl-Phenylalanine was used in a solution of 8.0 mg. per cc. and 2.0 
to 4.0 mg. were used in each vessel. Both were furnished by Hoff- 
man-La Roche and the tyrosine was checked against recrystallized 
tyrosine from casein. 

The oxidation of tyrosine and phenylalanine differs from that 
of proline and alanine in that a definite amount of tyrosine or 
phenylalanine always takes up a definite amount of oxygen with 
all the tissues studied and the course of the oxidation is independ- 
ent of salt concentration and fluoride, whereas it has been shown 
(4) that the oxygen uptake of proline and alanine varies in different 
tissues and is definitely affected by salt concentration. In the 
case of tyrosine, the oxygen uptake in c.mm. always corresponds 
to the utilization of 4 atoms of oxygen for every molecule of tyro- 
sine oxidized, provided the tissue preparation is sufficiently con- 
centrated. 

Only 1 atom of oxygen, however, is taken up for every molecule 
of phenylalanine oxidized. As dl-phenylalanine was used, this is 
based on the assumption that only one, probably the naturally 
occurring (l-), isomer is oxidized. If both isomers are attacked, 
then the oxygen uptake would correspond to 0.5 atom of oxygen 
per molecule of phenylalanine. This is unlikely in view of the fact 
that the amount of ammonia nitrogen produced is theoretical for 
the complete deamination of one isomer. If both were attacked, 
it is difficult to see why each should be partially deaminated. 

With all the livers used, the oxygen uptake, when 0.5 mg. of 
tyrosine was oxidized, was exactly theoretical for 4 atoms of oxygen 
per molecule of tyrosine. This is shown in Fig. 1 for rat liver. 
When 1.0 mg. of tyrosine was added, somewhat less than the theo- 
retical amount of oxygen was taken up, showing an inhibition 
possibly due to excess substrate. A larger amount of phenylal- 
anine had to be used because of the relatively small oxygen uptake. 
But in this case, 4.0 to 8.0 mg. of dl-phenylalanine did not show 
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inhibition due to excess substrate. The oxidation of 4.0 mg. of 
dl-phenylalanine by rat liver is also seen in Fig. 1. The facts that 
the same tissue oxidizes phenylalanine and tyrosine to different 
extents and that it reacts differently to different concentrations of 
substrates of the two amino acids prove definitely that phenylal- 
anine is not converted to tyrosine. If that were the case, the oxy- 
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Fig. 1. Curves A and B show the oxidation of 1.0 and 0.5 mg. of /-tyrosine 
respectively; Curve C, inhibition of the oxidation of 1.0 mg. of l-tyrosine, 
by 0.005 m KCN; Curve D, the oxidation of 4.0 mg. of dl-phenylalanine; 
Curve E, the oxidation of the same plus 0.005 m KCN. Horizontal lines 
I and II represent the calculated oxygen uptake for 0.5 and 1.0 mg. of tyro- 
sine respectively, assuming the utilization of 4 atoms of oxygen per molecule 
of tyrosine. Horizontal line J/I represents the calculated oxygen uptake 
for 4.0 mg. of dl-phenylalanine, assuming the utilization of 1 atom of oxygen 
per molecule of /-phenylalanine. 


gen uptake per molecule of phenylalanine would be 5 atoms 
instead of 1, for the tyrosine formed would be further oxidized by 
the same preparation and, moreover, increasing the concentration 
of phenylalanine would have the same inhibiting effect as in the 
case of tyrosine. 

The oxidation of phenylalanine by liver suspensions is relatively 
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slow. Even rat liver, which of all the livers of the animals tried 
oxidizes phenylalanine most readily, oxidizes it at only half the 
rate of the kidney. Tyrosine, however, is oxidized by all the liver 
suspensions, but the kidney suspensions, which rapidly oxidize 
phenylalanine, oxidize it slowly or not at all. This holds for all 
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Fra. 2. Curves A and B show the oxidation of phenylalanine and tyrosine 
respectively by guinea pig kidney; Curves C and D, the oxidation of tyro- 
sine and phenylalanine respectively by guinea pig liver. 


the animals studied with the exception of the rabbit, the kidney 
preparation of which is able to oxidize tyrosine more rapidly than 
the liver. This general relationship is seen most clearly in the 
guinea pig and is shown in Fig. 2. Although the rate of oxidation 
of phenylalanine differs in the liver and kidney, the final oxygen 
uptake is the same in both organs. 
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The oxidation of tyrosine is completely inhibited by KCN, 
while that of phenylalanine is unaffected. 0.005 m KCN was used 
and the experiment was carried out on the liver and kidney of the 
rat. In both liver and kidney the phenylalanine oxidation was 
unaffected, whereas the tyrosine was completely inhibited. This 
is shown for rat liver in Fig. 1. This difference in the action of 
KCN is correlated with the ability of phenylalanine to reduce 
methylene blue, whereas tyrosine is apparently unable to do so. 
The difference in the reduction time of rat kidney alone and rat 
kidney plus 2 mg. of phenylalanine is small but consistent. The 
experiments were carried out at 20° and 1.0 cc. of 1:5000 methyl- 
ene blue was used. The addition of tyrosine to liver had, however, 
no effect on the reduction time. But because concentrated liver 
preparations are necessary for the oxidation of tyrosine, small dif- 
ferences in the reduction time of methylene blue due to tyrosine 
would be difficult to detect. 

It has been shown by Hare (5) and Bernheim (6) that similar 
liver preparations are able to oxidize tyramine. But the tyramine 
oxidase is not inhibited by KCN, and this differentiates it sharply 
from the catalyst responsible for the oxidation of tyrosine. Fur- 
ther, the oxidation of tyramine takes place actively with liver 
preparations which are too dilute to oxidize tyrosine. The system 
oxidizing tyrosine in liver is also quite distinct from tyrosinase. 
No pigmented substance is formed. The addition of equal 
amounts of dioxyphenylalanine to liver under these conditions 
gives rise to a dark brown pigment which is formed by the autoxi- 
dation of dioxyphenylalanine in alkaline solutions. This shows 
that tyrosine is not oxidized to dioxyphenylalanine by the liver. 

The oxidations of tyrosine and phenylalanine are further dif- 
ferentiated by the fact that complete deamination accompanies 
the oxidation of phenylalanine, whereas tyrosine is not deaminated. 
In this respect tyrosine is like proline. Although the oxidation 
of these amino acids by intact cells is always, according to Krebs, 
accompanied by deamination, these results with the broken cell 
suspensions show that in the case of tyrosine and proline it is 
possible to get oxidation without deamination, indicating that the 
deaminating system is destroyed more readily than the oxidiz- 
ing one. 

The ammonia was estimated by a vacuum distillation method 
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followed by Nesslerization. This method gave theoretical figures 
for the deamination of phenylalanine and also for tyramine but 
showed no deamination in the case of tyrosine. This is shown in 
Table I. The expected ammonia nitrogen for tyrosine should 
deamination occur is 0.077 mg. per mg. of tyrosine, which can be 
easily determined by this method. The amount of ammonia 
nitrogen usually found in the control liver suspensions was about 
0.2 mg., so a difference of 0.077 mg. was well outside the experi- 
mental error. Equivalent amounts of ammonia added to liver 
suspensions in the form of (NH,)2SO, could be recovered at the 
end of the experiment. ; 


TaBLeE I 

Amount of Extra Nitrogen Measured As Free Ammonia Obtained after 
Oxidation of Tyrosine, Phenylalanine, and Tyramine by Rat 

Liver and Kidney 














Amino acid Carved Coesioned Tissue 
| mg. mg. mg. 
Phenylalanine.................| 1.0 0.150 | 0.170 | Rat kidney 

ae 0.5 0.095 | 0.085 @ 
= “ 1.0 0.145 | 0.170 “liver 
I cw oon Cand ae hot oe 0.5 —0.020 | 0.038 ™ ™ 
S 1.0 0.006 | 0.077 as = 

* 1.0 0.004 | 0.077 - ” 

” Rb a th Am eink asad 1.0 0.020 | 0.077 ‘2 ” 
I wie kbblen usa xcs #5 0.5 0.058 | 0.051 = - 
“ 1.0 0.110 | 0.102 ™ = 

















The problem of isolating the end-product of the tyrosine oxida- 
tion is difficult. A concentrated suspension of tissue is needed to 
oxidize adequately 0.5 to 1.0 mg. of tyrosine. Therefore a large 
amount of liver preparation or a method for concentrating the 
enzyme is necessary before isolation can be attempted. Some of 
the properties of the end-product have been determined after the 
proteins of the liver had been removed by boiling at pH 5.0. The 
Millon’s test was negative, although tyrosine added just before 
boiling gave a positive test. This shows that either the ring was 
broken or that a polyphenol was formed. The ferric chloride 
test for polyphenols was, however, negative and thus the prob- 
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ability is that the ring was broken. Negative results with these 
color tests were also obtained in the case of phenylalanine. 


DISCUSSION 


Of the amino acids so far tried only four, proline, alanine, tyro- 
sine, and phenylalanine, are oxidized by broken cell suspensions of 
liver and kidney. Since the intact cell oxidizes a large number of 
amino acids, this means that the catalysts responsible for amino 
acid oxidation can be split into a number of specific parts. The 
probability that proline and alanine have specific catalysts has 
already been discussed and the evidence seems conclusive that 
tyrosine and phenylalanine are oxidized by different enzymes. 
Whether the end-products of the oxidation of these amino acids 
by the broken cell suspensions represent intermediate stages in 
their normal metabolism is difficult to say. The fact that proline 
and tyrosine are not deaminated, whereas they are when oxidized 
by the intact cell, indicates that the oxidation by broken cell sus- 
pensions may be abnormal. But it also shows that for these two 
amino acids the. deaminating catalyst can be separated from the 
catalyst responsible for the oxidation of the rest of the molecule. 
The first presumably is more unstable and is destroyed when the 
cells are ground up. 


SUMMARY 


1. Tyrosine is oxidized by broken cell suspensions of the livers 
of the rat, guinea pig, rabbit, cat, and dog. Phenylalanine is 
oxidized by these preparations, but in some cases very slowly. 

2. Similar preparations of the kidneys of these animals oxidize 
phenylalanine readily but tyrosine slowly or not at all. 

3. The oxygen uptake in ¢.mm. corresponds to the utilization 
of 4 atoms of oxygen for every molecule of tyrosine and 1 atom of 
oxygen for every molecule of phenylalanine oxidized. 

4. Apparently only the naturally occurring /--phenylalanine is 
oxidized. 

5. Tyrosine is not deaminated, but tyramine and phenylalanine 
oxidized by the same preparations are deaminated. 

6. The oxidation of tyrosine is inhibited by 0.005 m KCN; that 
of phenylalanine is not. 
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7. Phenylalanine is able to reduce methylene blue; tyrosine is 
apparently not. 
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EFFECT OF CARBON DIOXIDE ON CALCIUM AND 
PHOSPHORUS RETENTION 


By J. C. FORBES 


(From the Department of Biochemistry, Medical College of Virginia, 
Richmond) 


(Received for publication, July 25, 1934) 


It is well known that the administration of acids or of potentially 
acid salts, such as ammonium chloride, to animals often leads to 
decalcification. Apparently several factors are involved, such 
as the age of the animal, the calcium intake, and the disturbance 
in the acid-base equilibrium. Burns (1) fed hydrochloric acid to 
rabbits and rats and found that it retarded growth, increased the 
water content, and decreased the fat content of the bones. No 
evidence of calcium withdrawal from the bones was obtained. 
Chute and Irving (2) administered 5 cc. of 2 Nn HCl daily to rats 
and found that the Ca:CO; ratio of the bones was increased, indi- 
cating that calcium carbonate was probably removed in excess of 
phosphates. This effect was more pronounced in those animals 
receiving the diet for only a few days. Apparently compensatory 
mechanisms are brought into play when the acid administration 
is carried on for some time. Lamb and Evvard (3) were unable to 
show any deleterious effect on swine, weighing about 125 pounds, 
from the daily administration of 200 cc. of Nn H,SOQ,. Rabbits 
were able to stand 5 ec. of n H,SO, daily but succumbed to greater 
amounts. Rats grew and reproduced normally on a diet con- 
taining a potential acidity of 15 cc. of normal acid per 100 gm. of 
food. Jaffe, Bodansky, and Chandler (4) found that the decalcify- 
ing action of ammonium chloride could be reduced by the adminis- 
tration of calcium salts. Cod liver oil was quite ineffective in 
preventing this decalcification, especially in the case of young rats 
on a low calcium diet. The effect of the ammonium chloride was 
also found to diminish very materially as soon as the animal passed 
the young puppy stage. 
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Since the decaleifying action of ammonium chloride is probably 
due to its effect on the acid-base equilibrium, and since the adminis- 
tration of carbon dioxide also causes a state of acidemia, it was 
decided to study the effect, if any, of breathing high concentra- 
tions of carbon dioxide on the calcium and phosphorus balance of 


Taste I 


Effect of Carbon Dioxide on Calcium and Phosphorus Retention by Rats on 
Adequate Calcium and Phosphorus Intake 



































| Average 
Average intake per daily re- 
Experi- a , weight peri tention 
ment Na. |Period per rat Remarks 
Ini /Final| Ca | P | Ca | P 
wks. | gm. | gm.| mg.| mg. | mg. | mg. 
1* 1 2 | 126) 147|1072)1297 17.7|28.7 Fed Diet 1. CO, 5.8 to 
2 148) 942 1140/33. 4/38. 2 6.2% for first 2 wks., 
2 135) 759) 918)28.6) approximately 12% for 
remainder of experiment 
2 2 | 136) 146)1144)1384/15.2/24.2) Same as above 
2 151/1071/1296|32.0/39.6 
2 137| 742) 898/21. 7 
3 2 | 130) 143)1266)1533/32.9|35.0| Diet same as above, but 
2 148) 1121)1356/22.7/38.3| rats not in CO, atmos- 
. 2 163}1151) 1392/28 . 2 phere 
lays 
2 1 8 | 90) 134) 820 992 24. 7\26.3) Fed Diet 1. CO, 2.4% for 
8 150} 887|1073)33. 3/31 .2| first period, 4.6% for 
8 163| 833]1008|28.4.20.3| second period, 5.6 to 
16 157|1807|2186/28.4'29.5) 7.8% for third, 10% for 
last period 
2 8 | 101) 118) 780) 943/23.5|24.5) Same as above 
8 137| 894/1081/31. 3/28.1 
8 148) 889)1075|26.8)21.4 
16 145/1880 2274/32.7)33.1 











* No cod liver oil was given to the rats in Experiment 1. 


growing rats. Two diets were used, one having an adequate cal- 
cium content, the other being somewhat low. The experimental 
results, as shown in Tables I and II, show no evidence of impair- 
ment in calcium and phosphorus metabolism from the administra- 
tion of the carbon dioxide. 
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Procedure 


During the course of the experiments the rats, two in a cage, 
were kept in round metabolism cages supported on glass funnels in 
a large box with a glass top. The box was relatively air-tight 
except for an inlet and outlet for the gases. The required air- 
carbon dioxide mixture was forced in at the bottom of the box and 
out near the top at the opposite end about a foot above the bottom 
of the rat cages. In order to insure a constant flow of carbon 
dioxide, the gas from a cylinder was first let into a large gas holder 


Taste II 


Effect of Carbon Dioxide on Calcium and Phosphorus Retention by Rats on 
Low Calcium Diet 











Average 
=P Intake ~— > 
E - weight per: ntion 
ment a Period per rat Remarks 
0. 
Ini: \Final| Ca | P | Ca | P 
wks. | gm. | gm. | mg. | mg. = = 
1 1 52 | 102| 322/1031) 69 | 56 | Fed Diet 2. CO, 3.3% for 


124) 372/1190) 88 | 44 first 2 wks., 5.7% for 
130) 578)1849) 91 | 43 remainder of experiment 
54 | 107) 337/1078| 68 | 54 | Same as above 

133| 379|1213) 86 | 49 
160} 593)1898) 93 | 45 
98| 277) 886) 62 | 53 = “ 
129) 377|1206| 84 | 46 
158} 631/2019) 89 | 41 
50 | 99) 337\1078) 75 | 57 | Same diet as above, but 
133} 416)1331| 88 | 50 rats not in the CO, 
176| 67%2147| 93 | 59 atmosphere 
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and from there into the box containing the animals. The inlet 
flow was so regulated that the gas holder remained practically full 
all the time, thus assuring a relatively constant outward flow even 
though the pressure in the cylinder might vary to some extent. 
Air was continually forced into the box at a constant rate and 
through the same opening as the carbon dioxide. The carbon 
dioxide content of the enclosed air was analyzed at intervals for 
carbon dioxide in an Orsat apparatus. ' 
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Diets—The composition of the diets used was as follows: 








Diet 1 Diet 2 
gm. gm. 
NN oe. cinniwieis anuietensacehians 710 750 
TS gS ne ee ae ee ee 125 150 
ee Gi soil a at wal Sura Bede gh geen 50 97 
alan ee AE RD A ee OSD ae Ee ee 14 
i Se te ne bee en ee 4 4 
A ta lis hat iacdcnctees dehaltabied 2 2 
a deh acne as inla ncaetoncyliss- ak 15 
Iron ammonium citrate..................0.+00+: 1 1 
EE is de a dian adieticiak maka epenwetens 20 
Seater ogc ae i se Se Ne earn tre ai Trace Trace 











5 drops of cod liver oil were fed daily per cage unless otherwise 
stated. The calcium concentration of Diet 1 was 450 mg., the 
phosphorus 543 mg. per 100 gm. of ration. Diet 2 had 150 mg. 
of calcium and 480 mg. of phosphorus per 100 gm. 


Method of Analysis 


Food and feces analyses were carried out as described by Morris, 
Nelson, and Palmer (5). In collecting the urine the supporting 
funnel was always washed with dilute hydrochloric acid and water 
so as to dissolve any precipitated salts, the washing being added 
to the urine. After mixing, and acidifying when necessary, 
aliquots were taken for calcium and phosphorus analysis. Cal- 
cium was determined as the oxalate and phosphorus by the colori- 
metric method of Fiske and Subbarow (6). The possible presence 
of organic phosphorus in the urine was neglected, as it was felt 
that any error from this source would be negligible. 


DISCUSSION 


Contrary to expectation, no deleterious effect on calcium and 
phosphorus deposition was produced even by high concentration 
of carbon dioxide. However, the rate of growth was definitely 
retarded by the high concentrations. This may have been due 
to diminished appetite. Chemical analysis of the femurs from the 
rats used in the experiments recorded in Table II showed a normal 
Ca:P ratio, the values varying from 2.04 to 2.21 with an average 
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of 2.10. The ash content of the alcohol-ether-extracted femurs 
varied from 50 to 52 per cent, no difference being found between 
the controls and the rats exposed to the carbon dioxide. 

The absence of any impairment in calcification in these experi- 
ments may be explained on the assumption that the acidosis pro- 
duced was very mild and that the body compensatory mechanisms 
were able completely to compensate for it. On the other hand, 
it is possible that the acidosis produced by carbon dioxide may act 
differently from that resulting from the administration of other 
acids. The acidosis of carbon dioxide is characterized by a normal 
or high alkali reserve, while that of the other acids gives a low 
alkali reserve. At any rate it would seem from the experimental 
results here recorded that carbon dioxide retention can hardly be 
a factor in any of the decalcification conditions and impairment 
in calcification processes noted clinically. 


SUMMARY 


Studies were carried out on the effect of breathing air mixed with 
carbon dioxide on the retention of calcium and phosphorus by 
young rats. The results showed that carbon dioxide in concentra- 
tions up to 12 per cent, except as it may possibly influence calcifica- 
tion by diminishing appetite, had no significant effect on the 
retention of either calcium or phosphorus. 


Grateful acknowledgment is made to the Virginia Academy of 
Science for a grant to cover a part of the expenses of this in- 
vestigation. 
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FACTORS INFLUENCING THE UTILIZATION OF THE 
IRON AND COPPER OF EGG YOLK FOR HEMO- 
GLOBIN FORMATION* 


By W. C. SHERMAN, C. A. ELVEHJEM, anv E. B. HART 


(From the Department of Agricultural Chemistry, University of 
Wisconsin, Madison) 


(Received for publication, July 10, 1934) 


It has been shown in earlier publications (1-3) that the avail- 
ability of iron in biological materials is an important factor in 
determining the rate and extent of hemoglobin regeneration in 
anemic rats. The available iron content of a number of com- 
mercial cereal preparations as well as biological materials of both 
plant and animal origin, as determined by means of the a, a’-bipyr- 
idine reagent, was found to give an accurate indication of the 
hemoglobin response obtained when these materials were fed at 
uniform total iron levels and with 0.05 mg. of Cu as CuSQ, daily 
in order to insure the utilization of the available iron. Schultze, 
Elvehjem, and Hart (4) have shown that copper in the form of 
copper-hematoporphyrin cannot be utilized by the animal for the 
conversion of available supplemental iron into hemoglobin. That 
the availability of the copper in many biological materials is of 
significance as well as the availability of iron seems probable. 
Publication of the results from such studies on egg yolk has been 
withheld until sufficient data were obtained to demonstrate the 
limitations of egg yolk as a source of either iron or copper. 


EXPERIMENTAL 


The a,a’-bipyridine method for available iron was applied to 
egg yolk according to the procedure outlined in previous papers 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 

Supported in part by a grant from the University Research Fund and 
the Wisconsin Alumni Research Foundation. 
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(1, 3). These results, as may be seen from Table I, show that 
nearly 100 per cent of the iron from this source is in a readily 
available form. Neither the boiled nor the ether-extracted mate- 
rial showed an availability appreciably different from that of the 
raw egg yolk. Furthermore, these results were not changed by 
altering the concentration of acid in which the bipyridine reaction 
took place. In a recent publication (3) we have shown that in 
certain animal tissues, especially liver, it is necessary to use a 
stronger solution of acid than that of an acetic acid-sodium acetate 
buffer of pH 5. However, in the case of egg yolk higher concentra- 
tions of acetic acid did not increase the amount of iron reacting 
above the values obtained with the buffer of pH 5. With sucha 


Tasie [ 


Available Iron in Egg Yolk and Colloidal Ferric Hydroxide As Determined 
by a, a’-Bipyridine Method in 10 Per Cent Acetic Acid 





Available Fe 














‘ 7+. | Lotal Fe avail- 
Material Total Fe ( yA ite sy A + 
mg. per gm. ™g. per gm. per cent 

Raw egg yolk (dry)................ 0.114 0.111 97 

Boiled egg yolk (dry).............. 0.117 0.115 98 
“ ether-extracted egg yol 

RS ee ed ee eee ee 0.213 0.199 93 

Colloidal ferric hydroxide solution. 0.320 0.310 97 





readily available form of iron as occurs in egg yolk, hemoglobin 
regeneration in anemic animals should be rapid and complete, 
provided sufficient copper is supplied. 


Experiments on Animals 


All animals used were made anemic according to the method of 
Elvehjem and Kemmerer (5). When the hemoglobin of the ani- 
mals reached levels of 2 to 3 gm. per 100 cc. of blood, they were 
started on the experiment. A sufficient amount of egg yolk to 
insure a total Fe intake of 0.3 mg. was added to a small portion of 
milk each morning. Any remaining supplement was again 
moistened with milk at noon to insure its complete consumption. 
Copper at a level of 0.05 mg. daily as cupric sulfate was fed 
with the supplement in the morning. When ferric chloride was 
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fed, 0.04 mg. of manganese as MnSO,-4H,O0 was also fed daily, 
so that the growth would be comparable with that obtained on the 
egg yolk supplement. Weight records and hemoglobin determina- 
tions were made weekly in the usual way. 

Typical hemoglobin responses are shown in Chart I. Each 
curve represents an average of results from at least four animals. 
In spite of the fact that egg yolk is a rich source of available iron, 
as shown by the bipyridine analyses, it may be seen that the hemo- 
globin regeneration obtained from this supplement was very slow 
and incomplete even though 0.05 mg. of copper was furnished 


Ir 





Cuart I. Hemoglobin regeneration with egg yolk and colloidal ferric 
hydroxide with low levels of copper. All animals received 0.05 mg. of Cu 
as CuSO, daily. 


daily in the form of cupric sulfate. ‘The hemoglobin-regenerating 
capacity of raw egg yolk was not significantly different from that 
of the boiled or the ether-extracted material. These results indi- 
cated that either the iron of egg yolk was in some chemical combi- 
nation which readily reacted with bipyridine and yet was unavail- 
able to the animal, or that there was present in egg yolk some 
chemically reactive group which combined with the added copper 
to form a stable compound which resisted digestion in the intes- 
tinal tract. 

The investigations of Hill (6) have indicated that the iron of egg 
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yolk is dispersed in colloidal form as colloidal ferric hydroxide. To 
test this as a possible explanation of our results, colloidal ferric 
hydroxide was prepared by slowly adding concentrated ferric 
chloride solution to boiling water. This red-colored colloidal 
solution of ferric hydroxide was then tested for availability by 
the a,a’-bipyridine method and animal feeding experiments. The 
results are given in Table I and Chart I respectively. It may be 
seen from Table I that 97 per cent of the iron of this solution 
reacted with bipyridine, which is in agreement with the available 
iron determinations on egg yolk. However, when the colloidal 
ferric hydroxide was fed to anemic rats at a daily level of 0.3 mg. 
of Fe with 0.05 mg. of Cu as cupric sulfate, the hemoglobin regener- 
ation was far superior to that obtained when egg yolk, with the 


TaB.e II 


Assimilation of Iron in Egg Yolk Shown by Total Iron Content of Livers 
(Mg. per Liver) 














Rats receiving 0.5 mg. Fe as 
Anemic rats : 
Egg yolk FeCh 
0.064 0.255 0.58 
0.051 0.272 0.59 
0.071 0.287 








same amount of added copper, was fed at the same iron level. 
These results, given in Chart I, show that the hemoglobin- 
regenerating capacity of colloidal ferric hydroxide is the same as 
that of ferric chloride. 

In order to determine directly whether or not the iron of egg 
yolk was available to the animal, anemic rats were fed egg yolk 
at a level supplying 0.5 mg. of Fe daily without added copper for 
2 weeks. The animals were then killed by decapitation, and the 
livers analyzed for stored iron. The results from these analyses 
are given in Table II. It may be seen that the iron content of the 
livers of the rats which received the egg yolk for 2 weeks was 
nearly 5 times as high as that of the animals which were taken 
when anemic. The iron storage resulting from feeding egg yolk 
is not as great as that which results from feeding an equivalent 
amount of iron as FeCl;, because the egg yolk supplies sufficient 
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copper to permit a partial utilization of the iron stores for hemo- 
globin synthesis. These investigations showed that the iron of 
egg yolk is readily available to the animal, and indicated that 
there must be some factor which inhibits the utilization of added 


copper. 
In order to test this possibility, egg yolk at a level of 0.3 mg. of 


Fe daily was fed to anemic rats and supplemented with 1.0 mg. of 
Cu as CuSOQ,. Of this copper, 0.5 mg. was fed in the morning, 
and the other 0.5 mg. at night, which would allow ample time for 
the egg yolk, which was ingested in the morning, to be removed 


oO. as 
oO. oO. Cu 


II.| 0.3 0.3 
+ Cu 0. 


Cu 





Cuart II. Hemoglobin regeneration with egg yolk and high levels of 
copper and with ferric chloride and copper sulfide. 


from the upper intestinal tract and thereby no longer be in a posi- 
tion to exert its inhibitive influence on the absorption of the 
copper. It may be seen from Chart II that a very rapid and com- 
plete hemoglobin regeneration resulted when egg yolk was the 
sole source of supplemental iron, provided sufficient copper was 
added to overcome its inhibitive influence. 

The nature of this inhibition was next investigated. It was 
observed that, when cupric sulfate was added to egg yolk, a brown 
color developed owing to the formation of cupric sulfide. Since 
cupric sulfide is highly insoluble in dilute hydrochloric acid solu- 
tion, its availability to the animal seemed questionable. A sus- 
pension of cupric sulfide was prepared by bubbling hydrogen 
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sulfide through a dilute solution of cupric sulfate in 1 per cent agar 
made slightly acid with hydrochloric acid. When the cupric 
sulfide was precipitated in agar, a stable suspension resulted. 
This preparation was fed to anemic rats as a source of supplemental 
copper. In order to determine the availability of copper in this 
form, the solution was given with the morning milk at a level to 
insure a daily copper intake of 0.01 mg., and with 0.3 mg. of Fe 
in the form of FeCl;. Control animals received the same amount 
of FeCl;, but were fed 0.01 mg. of Cu in the form of CuSO, instead 
of CuS. The results are shown in Chart II. It may be seen that 
the hemoglobin-regenerating capacity of 0.01 mg. of Cu as CuS 
was very inadequate. There was a slow rise during the first 2 
weeks, after which the percentage of hemoglobin dropped. Com- 
plete hemoglobin regeneration in 6 weeks resulted when 0.01 mg. 
of Cu was supplied in the form of CuSQ,. 


DISCUSSION 


These investigations show that egg yolk, although containing 
an available form of iron, is not capable of promoting hemoglobin 
regeneration because of its inhibitive action on the utilization of 
copper. These results explain the only discrepancy which we have 
found between available iron by the bipyridine method and animal 
feeding. The capacity of egg yolk to combine with copper and 
form unavailable copper compounds detracts from its value as 
an antianemic agent. The exact amount of copper which must 
be added to egg yolk in order to bring about normal hemoglobin 
regeneration has not been determined, but certainly more than 
0.05 mg. daily is necessary. Other foods relatively high in sulfur 
should be investigated to determine if similar effects upon hemo- 
globin regeneration can be demonstrated. 

Our results, in the case of egg yolk, substantiate the observations 
of Rose, Vahlteich, and MacLeod (7). These investigators ob- 
tained slow and incomplete hemoglobin regeneration when egg 
yolk served as the sole source of supplemental iron and copper. 
They likewise concluded that copper was the chief limiting factor. 
Our studies indicate that the incomplete hemoglobin regeneration 
which results from feeding egg yolk is due to the capacity of the 
sulfur of egg yolk to combine with added copper to form copper 
sulfide, which is unavailable to the animal. 
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SUMMARY 


1. The value of egg yolk as a source of iron and copper for hemo- 
globin regeneration has been studied. 

2. Estimation of available iron by the a,a’-bipyridine method 
showed the iron of egg yolk to be nearly 100 per cent available. 
Neither boiling the egg yolk nor boiling and extracting with ether 
altered the availability of the iron. 

3. Animal experiments showed that incomplete hemoglobin 
regeneration resulted from feeding egg yolk as a source of iron 
together with 0.05 mg. of added copper. The addition of 1 mg. 
of supplemental copper to the egg yolk caused normal hemoglobin 
regeneration. 

4. The decreased activity of copper supplied as copper sulfide 
indicates that the inhibiting action of egg yolk may be related to 
the formation of insoluble copper sulfide in the digestive tract. 

5. The incomplete hemoglobin regeneration observed with egg 
yolk is not due to the unavailability of the iron present but to a 
retarded utilization of the copper. 
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THE NUCLEASE ACTIVITY OF BACILLUS SUBTILIS 


By DOUGLAS A. MacFADYEN 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, June 12, 1934) 


Nuclease activity was dissociated from proteolytic activity 
when Sachs confirmed the observations of Milroy that an agent 
which attacked nucleic acid to liberate inorganic phosphoric acid 
could not liquefy gelatin and that proteolytic enzymes liquefied 
gelatin but could not attack nucleic acid (1). Henceforth the rate 
of separation of inorganic phosphoric acid from nucleic acid became 
the exclusive index of nuclease activity (24). Activity so defined 
was shown by a variety of microorganisms, such as yeast (5), 
Penicillium glaucum, and Aspergillus niger (6), and by Bacillus 
coli, Bacillus proteus, and staphylococcus (7). 

Convincing evidence of bacterial disintegration of nucleic acid 
other than the slow separation of phosphoric acid has been lacking 
despite the discovery of a series of enzymes which can attack the 
different components of nucleic acid: thus there are polynucleo- 
tidases which subdivide nucleic acid to nucleotides,' nucleotidases 
which split mononucleotides to phosphoric acid and nucleosides, 
nucleosidases which disjoin the sugar and nitrogenous base, and 
phosphatases which split phosphoric acid esters of ribose to free 
acid and free sugar ((8) pp. 311-316). Furthermore, the accepted 
structural formula of yeast nucleic acid, that elucidated by Levene 
and Bass ((8) p. 274, 286) indicates that the separation of more 
than one-quarter of the phosphoric acid in nucleic acid requires 
the breaking of the ester bonds between its component nucleotides. 
It is apparent also that these ester bonds may be broken without 
the separation of phosphoric acid from any of the four nucleotides 


' Levene and Dillon use the term polynucleotidase activity to describe 
the liberation of an arbitrary amount of phosphoric acid from nucleic 
acid in unit time by an enzyme from intestinal juice (3). 
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and that the study of nuclease activity must encompass more than 
the determination of inorganic phosphoric acid. 

Substantiation for the foregoing argument is to be found by 
inspection of the structural formula of yeast nucleic acid and of 
the convenient condensed forms presented with the accompanying 
scheme representing the disintegration of nucleic acid. In this 
HO\ 

Oo=P—O—C;H;0.—C;H.N; Adenyliec acid 
HO ; 

O 





O=P—O—C;H;0.—C,H;N202 Uridylic acid 
HO/ . 
O 





O—=P—O—C;H,0.—C;H,N;O Guanylic acid 
HO : 


: | 
O=>P—C;H;0;—C,H,N;O Cytidylic acid 
HOA 
P—R-—N 
| (PR) + (N) > P+R+N 
P—R—N — 4PRN N\ 
| (P)+(RN) > P+R+N 
es 
P—R—N 
Nucleic acid Nucleotides Less complex derivatives 


scheme P represents phosphoric acid, R represents ribose, and N 
represents nitrogenous base. 

The rate and process of disintegration of yeast nucleic acid may 
be deduced from the nitrogen and phosphorus in three fractions 
obtained by the methods described in this report. When these 
methods were applied to cultures of bacteria in solutions of yeast 
nucleic acid, the results revealed the rapid, intensive decomposi- 
tion of nucleic acid by Bacillus mesentericus, Bacillus megatherium, 
and Bacillus subtilis. 


Methods 


The methods used in the following experiments were extensions 
of methods of previous investigators. Levene and Bass had used 
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neutral lead acetate to separate nucleosides from phosphoric 
derivatives of nucleic acid ((8) p. 167), and Buell and Perkins 
had used uranyl nitrate to precipitate quantitatively the purine 
nucleotides from tungstic acid filtrates of defibrinated blood (9). 
I found that yeast nucleic acid was precipitated completely from 
dilute solutions of uranyl chloride in trichloroacetic acid at pH 
1.5 to 2.0, and that under similar conditions the purine nucleotides 
and cytidylic acid were precipitated only in the range of pH 3.0 
to 7.0, whereas uridylic acid and the less complex derivatives of 
nucleic acid were soluble at any pH tried from 1.5 to 9.0. The 
complete precipitation of nucleic acid is demonstrated in Table II, 
which shows that 94 per cent of the material in the control solutions 
was precipitated and that the remaining 6 per cent represented 
nucleic acid which had been decomposed before the culture 
mixtures were prepared; the phosphorus-containing substance not 
precipitated was found to be present in the same amount whether 
the supernatant solution was analyzed after or without digestion 
with strong acid. 

The following detailed description includes the procedure for 
the preparation of cultures of bacteria in solutions of yeast nucleic 
acid and embraces the methods of analysis of these culture 
mixtures. 

Preparation of Culture Mixtures—Agar slopes were seeded with 
bacteria and incubated for 18 to 24 hours at 37.5°. A suspension 
of living bacteria was prepared by emulsification of these colonies 
with 5 cc. of distilled water. The substrate was prepared by dis- 
solving 4 gm. of sodium nucleinate in 100 cc. of buffer solution at a 
desired pH. 4 cc. samples of this solution were distributed in 
culture tubes which were stoppered with cotton and autoclaved. 
1 ce. of bacterial suspension or 1 cc. of distilled water, as control, 
was mixed with 4 cc. of autoclaved substrate, in tubes stoppered 
with sterile rubber caps, and then incubated at 37.5° for 48 hours. 

For a range of pH 7.0 to 9.6 the buffers used, in concentration 
of 0.1 mM, were the sodium veronal-hydrochloric acid mixtures 
prepared as described by Michaelis (10), and for a range of pH 
5.0 to 7.0 the buffers used, in concentration of 0.2 m, were the 
sodium citrate-sodium hydroxide mixtures, according to Clark (11). 

Method for Separation of Nucleic Acid from Culture Mizxtures— 
The contents, 5 cc., of each culture tube were washed with water 
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into large centrifuge tubes of 50 cc. capacity and the volume made 
to 15 cc. with distilled water and then to 25 cc. with the acid- 
precipitating reagent. A flocculent precipitate which began to 
settle in a few seconds was stirred thoroughly twice during a 10 
minute interval. By spinning the mixture in a centrifuge at 900 
R.P.M. for 3 minutes it yielded a supernatant fluid, which was then 
decanted into a 50 cc. volumetric flask, and a precipitate, which 
was broken up by stirring with 10 cc. of dilute reagent and again 
separated by spinning in a centrifuge at 900 r.p.m. for 3 minutes, 
This operation was repeated once more to redissolve any adherent 
material less complex than nucleic acid. The supernatant fluids 
were pooled and made up to 50 cc. with dilute reagent, and the 
precipitate was dissolved in 25 cc. of 0.5 N sodium carbonate. 

The acid-precipitating reagent was a solution of 1.25 gm. of 
uranyl chloride in 100 ce. of 10 per cent trichloroacetic acid. The 
dilute reagent was prepared by diluting this to 24} volumes with 
distilled water. Neither of the buffer systems used, in concentra- 
tions up to 0.2 M, was precipitated by these reagents. 

Method for Precipitation of Nucleotides from Uranyl Chloride 
Supernatant Liquids—10 ce. of uranyl chloride supernatant fluid 
were pipetted into a centrifuge tube and neutralized by adding 
about 2 cc. of N sodium carbonate, drop by drop, until the pH of 
the mixture was 6.8 to phenol red (as an outside indicator). 
During this adjustment a precipitate forms, beginning at pH 3.0, 
reaching a maximum size at about pH 4.3, and dissolving in 
greater part at pH 6.8. Drops of a solution of 10 per cent neutral 
lead acetate were added to this slightly acid mixture until no more 
precipitate could be produced by adding 10 drops more to the 
supernatant fluid previously cleared by spinning in a centaifuge 
at 900 R.p.M. for 3 minutes. Hydrogen sulfide was passed through 
the supernatant fluid to precipitate any excess reagent, which was 
then separated by spinning the mixture in a centrifuge at 1200 
R.P.M. for 5 minutes. This supernatant fluid was aerated to 
remove excess hydrogen sulfide and then decanted into a volu- 
metric flask where the volume was made up to 25 ce. with distilled 
water. The sodium veronal-hydrochloric acid buffers are com- 
pletely precipitated by this procedure. 

Methods of Analysis for Nitrogen and Phosphorus—The fore- 
going methods give three fractions of the culture mixtures, the 
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carbonate solution of the uranyl chloride precipitate (Fraction 1), 
the uranyl chloride supernatant fluid (Fraction 2), and the super- 
natant fluid after treatment with neutral lead acetate (Fraction 
3). The unfractionated culture mixture is labeled Fraction 4. 

Small samples, 1 to 5 cc., were taken from each of the three 
fractions and analyzed for total nitrogen by means of the micro- 
Kjeldahl method of Van Slyke (12). Inorganic phosphorus (i.e. 
phosphoric acid not bound to organic substance), in 2 to 5 cc. of 
Fraction 2, was determined either by Tisdall’s (13) or Leiboff’s 
(14) colorimetric method. Total phosphorus, in 2 to 5 cc. samples 
of Fractions 1 and 2, was determined as inorganic phosphorus 
after the following procedure. The sample chosen was boiled with 
exactly 0.5 cc. of concentrated sulfuric acid until white fumes 
appeared ; it was then cooled and boiled with 1 cc. of distilled water 
and no more than 0.5 gm. of potassium persulfate until white 
fumes again appeared. Then it was cooled, diluted with 3 cc. 
of distilled water, and boiled for 10 minutes to decompose any 
excess persulfate. After cooling to room temperature, this solu- 
tion was ready for analysis by the method of Leiboff. Standard 
phosphate solutions, with and without the prescribed treatment, 
usually matched; when they failed to do so, the attending results 
were rejected. 

The foregoing methods are applicable to solutions containing 
uranyl ions in amounts equivalent to the samples mentioned. 
For the determination of phosphorus the method of Leiboff is 
preferred, because it is quick and convenient for a large number of 
analyses, while it gives the same results as the method of Tisdall, 
as shown in Table I. 

In the ensuing experiments.the hydrogen ion concentration was 
estimated colorimetrically by the use of Clark and Lub’s series of 
indicators (11). 


Results 


The agents of disintegration of yeast nucleic acid were living 
bacteria; specifically they were members of the aerobic, spore- 
bearing group of bacilli. The three strains isolated were Bacillus 
mesentericus vulgatus, Bacillus megatherium’, and Bacillus subtilis. 
Since the results for each strain were very much the same, those 
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obtained with Bacillus subtilis were chosen as representative of 
group behavior. 

Bacillus subtilis in its vegetative form grows rapidly on simple 
media, is a facultative anaerobe, and finds refuge in spores which 
resist boiling for hours. In spite of their rapid growth the amounts 
of total nitrogen and of total phosphorus contributed to the 
medium by the bacilli were very small compared to the amounts 
representing breakdown products of nucleic acid. This conclusion 
is demonstrated in Table II. In Tables II to VI each number 
represents the difference of results of analysis of a control mixture 
from those of a mixture containing bacteria. 

Intensity of Nuclease Activity of Bacillus Subtilis—The most 
favorable pH for the nuclease activity of Bacillus subtilis, 6.6, 
is demonstrated in Table III, which presents results obtained from 








TaBLe I 
Measurement of Free Inorganic Phosphorus in Uranyl Chloride Filtrates 
Sample No, |Leiboff method|Tisdall method| Sample No. | Leiboft Le a} 
mg. mg. mg. mg. 
1 2.143 2.128 5 1.428 1.412 
2 2.801 2.907 6 2.856 2.824 
3 4.784 4.762 7 4.100 4.149 
4 5.434 5.494 8 4.000 4.067 




















culture mixtures buffered at different pH values. Consideration 
of Table III reveals that the optimum pH for nuclease activity 
was 6.6, because corresponding values of total nitrogen and of total 
phosphorus in the uranyl chloride precipitates were lowest at that 
pH and because corresponding values in the uranyl] chloride super- 
natant fluids were highest at that pH. The consistency of the 
P:N ratio and the value of the ratio, 0.59, which is also that of 
nucleic acid, indicate that none of the nitrogenous nor phosphoric 
products of nucleic acid had escaped as gases, such as ammonia. 

An environment of hydrogen, though it seems to accelerate 
phosphorus metabolism, is without influence on the nuclease 
activity of Bacillus subtilis. Substantiation for this statement 
is found in Table IV. One set of culture mixtures and one set of 
control mixtures, in tubes without stoppers, were exposed to 
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hydrogen in a 2 liter glass jar from which oxygen had been 
extracted by a vacuum pump and by oxidation of an electrically 
heated copper wire attached to the lead cap sealing the jar and 
in which atmospheric pressure had been restored by intake of 
hydrogen. Duplicate sets of culture mixtures and of control 
mixtures were exposed to air at atmospheric pressure in a twin 
jar. Both jars were sealed and placed in an incubator at 37.5° 
for 48 hours. 

Table IV shows, except for total and inorganic phosphorus at 


TABLE II 


Contribution of Living Bacteria to Nitrogen and Phosphorus of Culture 
Miztures of Bacillus subtilis and Yeast Nucleic Acid 


Nucleic acid, 3.2 per cent; pH 6.6; time of incubation at 37.5°, 2 weeks. 






































Total N Total P 
7 Bacte- | Bac’ 
Cieaniem Frac- | Frac- | Frac- | Frac- | Frac- | Frac- | Tal Ne rial P* 
tion 2 | tion 1 | tion 4 | tion 2 | tion 1 | tion 4 
mg. mg. mg. mg. mg. mg. mg. mg. 
Bacterial............| 12.54) 5.95) 18.49|°7.41 | 3.13 | 10.54) 0.99 | 0.19 
- ceeeeees +++} 14,88) 4.07) 18.95) 8.79 | 1.85 | 10.64) 1.45 | 0.29 
Control.............| 1.05) 16.35) 17.40) 0.62t| 9.71 | 10.33 
ere a 16.59) 17.60} 0.62) 9.75 | 10.37 





Fraction 1, carbonate solution of the uranyl chloride precipitate; Frac- 
tion 2, the uranyl chloride supernatant fluid; Fraction 3, the supernatant 
fluid after treatment with neutral lead acetate; Fraction 4, the unfractionated 
culture mixture. , 

* Bacterial N equals 18.49 — 17.50 and 18.95 — 17.50; bacterial P equals 
10.54 — 10.35 and 10.64 — 10.35. 

t Inorganic phosphorus. 


pH 6.0 and 6.6, that the nuclease activities of Bacillus subtilis 
were the same in an atmosphere of low oxygen tension as in an 
atmosphere of air. The discrepancies must have represented 
inorganic phosphorus, since the total nitrogen and organic phos- 
phorus were the same for each environment; they were accounted 
for by examination of the uranyl chloride precipitates which 
showed that the total phosphorus of the anaerobic precipitate 
(Fraction 1) at pH 6.0 and 6.6 was greater than that of the aerobic 
precipitate of the same fraction by almost the exact amounts of 
the discrepancies, and further that no phosphorus could be 
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detected without preliminary treatment of the precipitate with 
strong acid. These results suggest that the discrepancies of inor- 
ganic phosphorus represent substance ingested by the bacilli. 


TaBLe III 


Optimum Hydrogen Ion Concentration for Disintegration of Yeast Nucleic 


Acid by Cultures of Bacillus subtilis at 37.5° for 48 Hours 


Nucleic acid, 3.2 per cent; pH as shown; time of incubation, 48 hours. 





| 











Total N | Total P | P: N ratio 
Nuclease | Nuclease | 
pH Fraction Deostion | avy j Pontion Pension | my \Fraction slPenction 2 
(a) ® | @ | @ | @ | a | (a) | (eh) 
mg. mg. per cent mg. | mg per cent 
6.0 12.9 14.9 53.6 | 7.18 8.72 | 54.9 0.56 | 0.59 
6.6 | 5.8 | 22.9 | 80.0 | 2.48| 13.52/ 84.5 | 0.43 | 0.59 
7.2 7.1 | 20.8 71.0 | 3.54 | 12.46 | 78.0 | 0.50 | 0.60 
7.8 12.7 14.7 53.6 7.42 | 8.51 | 53.4 0.58 0.58 
8.2 17.9 9.4 34.4 10.51 5.43 34.1 | 0.59 | 0 58 








c = b/(b + a) X 100; f = e/(d + e) X 100. 
See note below Table II for explanation of fractions. 


TaBLe IV 


Nuclease Activity of Bacillus subtilis under Aerobic and Anaerobic 


Conditions 


Nucleic acid, 3.2 per cent; pH as shown; time of incubation, 48 hours. 





Urany] chloride supernatant fluid 









































pH Total N Total P Inorganic P Organic P 
Aerobic | Anaerobic! Aerobic | Anaerobic) Aerobic — Aerobic | a 
mg. mg. mg. mg. mg. ns mg. . mg. 
6.0 10.06 9.86 5.92 4.75 2.67 1.54 | 3.25 | 3.21 
6.6 15.62 15.45 9.19 8.17 3.82 | 2.44 | 5.37 | 5.73 
7.6 12.99 12.75 7.64 7.49 0.71 | 0.68 | 6.93 | 6.81 
8.2 9.44 9.40 5.43 5.47 | 0.51 0.40 | 4.92 | 5.07 











Bacillus subtilis continues to disintegrate yeast nucleic acid 
equally well, whether it be subcultured from solutions of nucleic 
acid or from agar slopes. From colonies on an agar slope bacilli 
were transferred to a 4 per cent solution of yeast nucleic acid and 
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thereafter kept vigorous at 37.5° by forty-five daily subcultures 
from each medium. The last generations were transferred to agar 
slopes, incubated at 37.5° for 24 hours, and from them culture 
mixtures with yeast nucleic acid were made in the way described 
for pH 6.6. Each result in Table V was obtained from a separate 
culture mixture and so this table emphasizes the accuracy of the 
methods of fractionation as well as the reduplication of results. 

Since yeast nucleic acid contains 16.3 per cent nitrogen and 9.63 
per cent phosphorus, according to Levene and Bass ((8) pp. 274, 
286), then the intensity of disintegration of nucleic acid by Bacillus 
subtilis may be stated in terms of mg. of nucleic acid broken down 


TABLE V 
Effect of Culture Media on Disintegration of Nucleic Acid by Bacillus subtilis 











Inorganic P in uranyl chloride supernatant fluid 














+ aheanmesaatan o | a | oo | oo [Ayrpgeae 
mg. mg. mg mg. mg. 
Agent of nucleic acid | | 
disintegration 
45th subculture from | 0.100 | 2.388 | 4.088 | 4.580 
agar slopes | 0.100 2.392 3.840 4.680 
| 0.100 | 2.452 | 3.920 | 4.700 | 4.653 
45th subculture from | 0.100 2.300 3.892 4.220 
4% yeast nucleic | 0.100 2.328 3.972 4.120 
acid | 0.100 2.440 4.040 4.127 


3.900 


in 48 hours by multiplying the total nitrogen in the uranyl chlo- 
ride supernatant fluid by 6.13 and by multiplying the total phos- 
phorus therein by 10.38. When these calculations are made from 
values in Table III, it will be seen that about 130 mg. of nucleic 
acid were disintegrated in 48 hours and that the 130 mg. repre- 
sented 80 per cent of the available nucleic acid. 

Extent and Quality of Disintegration of Yeast Nucleic Acid by 
Bacillus subtilis—Since of the nitrogenous derivatives of nucleic 
acid, neutral lead acetate precipitates only nucleotides, the 
ratio of total nitrogen in Fraction 3 to that in Fraction 2 will 
indicate the proportion of nucleotides broken down after separation 
from nucleic acid. The breakdown of nucleotides can occur in 
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three ways: (1) PRN — P + RN, (2) PRN- P+R+N, (3) 
PRN — PR +N. All three ways are included in the foregoing 
calculation. 

It will be seen that processes (1) and (2) necessitate the separa- 
tion of phosphoric acid, and therefore the ratio of inorganic phos- 
phorus in Fraction 2 to total phosphorus in the same fraction will 
indicate the proportion of nucleotides broken down in both these 
ways. The other process (3) can then be calculated as the dif- 
ference of per cent hydrolysis estimated from values for phosphorus 


TaBLe VI 
Extent and Quality of Disintegration of Nucleotides by Bacillus subtilis 
Nucleic acid, 3.2 per cent; pH as shown; time of incubation, 48 hours. 





























I . 
— Nueleotid Total P —" Nucleotide hydrol ysis 

pH Fraction 2| Fraction 3 ens Fraction 2 |Fraction 2 

(a) (b) (c) (d) (e) (/) (9) 

mg. mg. per cent mg. mg. per cent per cent 
6.0 14.9 11.5 77 8.72 2.67 31 46 
6.6 22.9 18.3 80 13.52 3.54 26 54 
7.2 20.8 16.6 80 12.46 3.39 27 53 
7.8 14.7 7.4 50 8.51 0.06 1 49 
8.2 9.4 2.8 30 5.43 0.00 0 30 











c = (b/a) X 100; f = (e/d) X 100;g = c —f. 

c represents. nucleotide hydrolysis of all three types; f, nucleotide hydrol- 
ysis of both types yielding inorganic phosphorous; g, nucleotide hydrolysis 
of the type yielding phosphoric acid ester of ribose and free nitrogenous 
base. 

See note below Table II for explanation of fractions. 


from that estimated from values for nitrogen. The results of 
these calculations are presented in Table VI. Comparison of 
columns (f) and (g) in Table VI shows that the nucleotides were 
disintegrated mainly to phosphoric acid ester of ribose and 
nitrogenous bases. This is particularly striking at alkaline pH 
values: at pH 8.2 the nucleotides were decomposed in this way 
only. It is quite possible that part of or all the inorganic 
phosphorus liberated at acid and neutral pH values may have 
been due to the hydrogen ion concentration independently of the 
bacteria, because phosphoric acid esters of ribose decompose 














wo 6h 











D. A. MacFadyen 307 


quickly ((8) p. 167). Subject to that possibility and to two 
limitations of the analytical methods, the process of disintegration 
of yeast nucleic acid by Bacillus subtilis may be written 


Nucleic acid + 4(PRN) — 4(PR) + 4(N) ~ 4P + 4R + 4N 


The limitations of the methods are the failure to discriminate 
between pyrimidine and purine compounds and the lack of sugar 
analyses. 


SUMMARY 


1. Methods are described for the study of the process of dis- 
integration of yeast nucleic acid. 

2. These methods were applied to cultures containing yeast 
nucleic acid and each of three members of the aerobic, spore- 
bearing group of bacilli. 

3. Bacillus subtilis, Bacillus mesentericus vulgatus, and Bacillus 
megatherium were found to be agents for a rapid, intensive dis- 
integration of yeast nucleic acid, particularly at pH 6.6. 

4. The extent of substrate disintegration by these bacteria was 
not influenced by growth in an environment of low oxygen tension. 

5. The bacilli retain their disintegrative power whether sub- 
cultured many times from agar or from solutions of yeast nucleic 
acid. 

6. A tentative scheme for the process of disintegration of yeast 
nucleic acid by Bacillus subtilis was deduced from the results of 
analysis. 
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It has already been shown by numerous investigators that copper 
is stored in ‘the liver, and that the concentration and absolute 
amount in the mammalian liver are higher at birth than at any 
other time during life. There would also appear to be little doubt 
that, as first shown by Waddell, Elvehjem, Steenbock, and Hart 
(1) and Waddell, Steenbock, and Hart (2), copper plays an essen- 
tial réle in hemoglobin synthesis. However, our only information 
concerning the mechanism of its participation in this synthesis 
is that copper catalyzes the conversion of inorganic iron into 
organic iron compounds in the liver of the anemic rat (Cunningham 
(3), Josephs (4), and Elvehjem and Sherman (5)). 

During embryonic life erythrocytes are believed to be formed 
chiefly in the liver. A study of the relationship of iron and copper 
in the liver to the total iron and copper in the organism, and to the 
amount of hemoglobin formed, might therefore be expected to 
throw some light on the origin of hemoglobin and on the part 
played by copper in its synthesis: 

Ramage, Sheldon, and Sheldon (6) have shown for the human 
liver that the copper concentration is greater at birth than at any 
time during intrauterine life. The percentage of copper at term 
(calculated on the basis of dry weight of liver) was found by them 
to be nearly double that at 24 weeks development. This mobiliza- 
tion of copper in the fetal liver is generally believed to be a protec- 
tive measure to insure the continuance of normal hematopoiesis 
during the suckling period. Wilkerson (7), on the other hand, 
found that in the pig during fetal development the percentage of 
copper in the liver (calculated on the basis of wet weight of tissue) 
309 
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remained practically constant. The dry weights of the livers 
analyzed were not given, but since embryonic growth is character- 
ized by a progressive dehydration of the tissues, particularly during 
the later stages of development, the concentration of copper (i.e. 
the amount per unit of dry tissue) must have undergone a marked 
and progressive decline as development proceeded. 

Loeschke (8), in studies with the chick embryo at 1 to 2 days 
before hatching, has compared the copper content of the liver with 
that of the rest of the body. He found the liver to be greatly 
enriched with copper (16 mg. per kilo, wet weight) as compared 
with the remainder of the body tissues (1.0 mg. per kilo, wet 
weight). However, in order to understand more fully the part 
played by copper in hemoglobin synthesis in the chick and to com- 
pare this process with other species, it is important that further 
data be secured extending over as long a period in embryonic 
development as is possible. We have accordingly determined the 
‘daily changes in the copper and iron content of the liver of the 
chick embryo, and also of the remainder of the body tissues, from 
the 10th day of incubation up to hatching. 


EXPERIMENTAL 


Eggs from white Leghorn hens were incubated in an electric 
incubator under standard conditions. At 24 hour periods, from 
the 9th day onward, eggs were removed from the incubator and 
dissected as follows: 

The shell of the egg was punctured towards the small end, a 
portion of shell and shell membrane being removed carefully so 
as to avoid rupturing any blood vessels. The albumin, the yolk 
material, and the allantoic fluid were then drained off and dis- 
carded. The yolk sac on emerging from the shell was severed by 
cutting the yolk stalk close to its junction with the embryo, and 
was discarded along with the yolk and albumin. 

An attempt was made to retain the yolk sac for inclusion with 
the body tissues, because a varying amount of blood is lost in 
discarding it and an error thus introduced. However, as it was 
impossible to remove all the yolk material from the yolk sac, espe- 
cially in the later stages of development, it was felt that by cutting 
the yolk stalk at exactly the same point in each case, and by dis- 
carding the entire membrane along with its blood vessels and its 
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adhering yolk, the experimental error would be reduced to a mini- 
mum and would be relatively constant for each sample. 

The remainder of the egg was carefully removed from the shell 
and placed in a Petri dish. The embryo body was dissected by 
means of heavily plated scissors, platinum-tipped forceps, and 
glass needles, and the liver excised, washed in copper-free 0.9 
per cent NaCl,' drained on filter paper, and placed on a weighed 
watch-glass. 

In the later stages of the work, an endeavor was made to retain 
the allantoic fluid along with the embryo body. In order to do 
this, the entire contents of the egg were transferred to a Petri 
dish; then by careful handling the unabsorbed albumin and yolk 
were lifted out whole and discarded. The embryo body was then 
removed to a dissecting dish, the liver excised, the remainder of 
the body replaced with the material in the Petri dish, and the whole 
taken for analysis. 

The dry weight of these samples (Sample A, livers; Sample B, 
remainder of body tissues (except yolk sac); Sample C, remainder 
of body tissues plus allantoic fluid) was determined. In the case 
of the younger embryos it was necessary to make a composite 
sample of a varying number of the dried preparations in order to 
have sufficient material for analysis. With embryos 17 days of 
age and older, the down on the bodies made it extremely difficult 
to obtain a uniform powdered sample. A fairly satisfactory 
preparation was obtained, however, by cutting the down with 
fine scissors. 

The amount of iron and copper in the dried liver preparations 
was determined after ashing at low temperature with nitric acid 
(9). With the use of aliquot portions of a solution of the ash in 
5 n HCl, copper was determined by the carbamate method (9) and 
iron was determined colorimetrically as ferric thiocyanate (10). 
With the body tissue preparations, the same procedure was em- 
ployed to determine the amount of copper, but because of the high 
content of calcium phosphate the iron analysis had to be carried 
out on a separate portion, titanium titration (10) after wet ashing 
being employed. 


1 Throughout the entire work the usual precautions to avoid contamina- 
tion with copper or iron were taken. 
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TaBLE I—Daily Changes in Iron and Copper Content of Liver and of 
Age (days of incubation)...................... 9-10 | nu | 2 im | “u | 8 
No. of livers.. ; 36 12 24 19 19 12 1 
= '' samples pee 1 1 1 1 2 2 
Average wet weight, mg............. 33 54 99 116 165 269 33; 
a dry - ie ae 7 11 21 25 37 61 & 
Dry weight, %.. tes was 20.4 21.2 21.5 22.4 22.7 2. 
Iron, per liver, mg...................| 0.0032} 0.0056 0.0104 0.0124) 0.0155) 0.0253 | 
“dry weight, %.. weeseeeeee+| 0.046] 0.051 | 0.049 0.049 | 0.042 0.041; ( 
Copper, per liver, mg................| 0.0005) 0.0011} 0.0019} 0.0021) 0.0031) 0.004 ¢ 
” wet weight, %.. 2... 0.2+-.-| 0.0015) 0.0020) 0.0019) 0.0018) 0.0019) 0.0017 
” dry “ mg. per kg......| 79 94 91 82 83 76 74 
Sample 
No. of bodies. . 19 2 7 9 5 ae. 
“ samples analysed. 3 2 3 3 3 3 4 
Average dry weight, gm.. 0.27 0.48 0.62 0.95 1.36 2.46 | 3 
Iron, ” ” (average), %, ...| 0.020 |} 0.021 | 0.023 0.023 0.018 0.018 0 
Copper, “ “ mg. 
ak cn Ses ec pasa p sick Me 6.5 6.9 6.3 5.6 | 7 
Sample C. Rem: 
No. of bodies... ; 2 2 4 4 6 3 
“ “ samples analysed... 1 2 3 2 4 3 
Average dry weight, gm.. ee Ah 0.48 1.04 1.93 2.32 3.41 3 
Iron, dry weight (average), %.. 0.026 | 0.025 0.022 0.019 0.018 0 
Total Cu in embryo, mg.. 0.0026 | 0.0059} 0.0082} 0.0117) 0.01% 0. 
lilt il ae 0.06 | 0.11 | 0.15 0.23 0.26 0.47 | 0 
Cu found in liver, % total Cu. .......| 19.2 | 32.2 25.6 26.5 25.0 | W 
Fe “ “ “ % « Fe.......,| 58.4 | 50.9 | 69.4 | 53.9 | 50.6 | s44 | 4 
* Not fed. 
Results 


From the results summarized in Table I and in part illustrated 
in Figs. 1 and 2, the following observations may be made. 
Sample A. Livers—The absolute amount of iron and copper 


increases from the 10th to the 21st day of incubation. 
centage of copper in the fresh organ remains reiatively constant 


The per- 





Liver and of Remainder of Body Tissues from 10th Day of Incubation 
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15 16 | vy | w | ws | » | ws | 20 | Hatched |3 days old* 
Sample A. Livers 
12 ll 7 4 3 6 3 3 7 3 
2 2 2 2 1 2 1 3 5 3 
269 337 423 472 526 617 897 911 
61 83 113 142 157 165 184 214 354 348 
22.7 24.6 26.7 30.1 31.4 34.7 39.3 38.2 
0.0253 0.0250} 0.0250) 0.034 0.031 0.036 0.038 0.036 0.041 
0.041; 0.030 0.022 0.024 0.020 0.022 0.021 0.017 0.015 
0.0046, 0.0062} 0.0070; 0.0071) 0.0068) 0.0077; 0.0070; 0.0089) 0.0099) 0.0102 
0.0017 0.0018} 0.0016) 0.0015 | 0.0015 0.0014, 0.0011) 0.0011 
76 14 62 50 4 4 6| 47C| 688 42 31 | 29 
Sample B. Remainder of body tissues 
3 | 7 4 4 2 2 2 
3 + 4 4 2 2 2 
2.46 | 3.09 | 3.53 4.79 | 4.71 4.84 | 5.30 
0.018 0.017 0.024 0.022 0.021 0.023 0.022 
5.6 7.7 6.8 5.4 7.4 6.5 5.5 
nple C. Remainder of body tissues + allantoic fluid 
6 3 aa 2 2 
4 3 3 2 2 
3.41 3.82 4.23 4.41 4.58 
0.018 | 0.016 0.021 | 0.022 0.021 
0.018 0.0300 0.0310 0.0330 0.0425 0.0404; 0.0391 
0.47 0.55 0.87 | 1.08 1.03 1.15 1.21 
25.0 20.6 22.6 | 21.5 18.1 22.0 25.2 
54.4 , 45.4 28.7 29.6 35.9 31.2 33.9 

















until just before hatching. The value recorded for the 19th day 
is practically the same as given by Loeschke (8). 

Fig. 1 illustrates the changes in the total amount of iron and 
copper relative to the increase in weight of the organ. 
seen that, while the absolute amount of both elements increases 
rapidly up to about the 17th day, the curve for copper flattens out 
from this time on, while that for iron continues to increase almost 


It will be 
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linearly with time. With this exception, there is throi out a 
distinct parallelism between the changes in the iron and the 
changes in the copper content. 

We have made a few determinations, by the method of Hill (11), 
of the amount of non-hematin iron in the liver of the chick from the 
11th day of incubation. The results (Table II) indicate that the 
greater portion of the iron which accumulates in the liver just prior 





a a “4 I5 i6¢ I7 1 19 2 2 
Fia. 1. Changes in the total iron and copper content of the liver relative 
to the increase in weight of the liver. 


to hatching is not combined in hemoglobin. That this iron comes 
from the catabolism of hemoglobin is indicated by the fact that 
bile pigment is produced most rapidly after the 16th day of incuba- 
tion (Sendju (12)). 

The percentage of iron and of copper per unit of dry liver tissue 
(noticeably high in the early stages of development) declines 
steadily from the 13th day onward (Fig. 2). This decline is 
roughly in inverse proportion to the increase in solids. The cop- 
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TaB._e II 


for 
Proportior. of Total Iron in Liver of Developing Chick Which Is Not Combined 


As Iron in Fematin 





Embryo, age in incuba- 
tion days 


11 
14 
17 


20 





Hatched chicks 





No. of livers in 
sample 


em tow hnsr 








— 
— 
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| 
| 
aa 

| 








Non-hematin iron* 











Per cent Mg. per kilo Per cent of 
wet tissue wet tissue total Fet 
0.0012 0.0006 10 
0.0014 0.0024 44 
0.0029 

0.0024 0.0110 44 
0.0033 

0.0031 0.0190 52 
0.0031 

0.0028 0.0270 66 








* These analyses were made on the entire fresh liver, as the procedure 
was not applicable to the dried liver preparations. 
+ Calculated for the values for the total iron in the liver (Table 1). 


Fig. 2. Relationship between the percentage of iron and copper per unit 
of dry weight of liver and the increase in dry weight of the liver. 
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per content per unit of dry tissue is low at hatching (31 mg. per 
kilo) as compared with that of the mammal at birth. We have 
determined the amount of copper in the livers of five new born 
rats, and obtained values from 96.4 to 120.8 mg. of copper per 
kilo of dry weight of tissue. This difference is to be expected, 
in view of the fact that the diet of the chick contains an adequate 
amount of copper, so that the need for a large storage of copper in 
the liver at hatching does not arise. On the other hand, the copper 
content of the rat liver at weaning is comparable with that of the 
chick at hatching. We have found the copper content of six livers 
from rats 28 days old to vary from 29.0 to 41.8 mg. per kilo of 
dry weight. 

Sample B. Remainder of Body Tissues—When a number of 
embryos of the same age have been analyzed, only the mean result 
has been recorded (Table I). It will be noted that the amount of 
iron and copper per unit of dry weight remains fairly constant 
throughout. 

Notwithstanding the difficulties attending quantitative separa- 
tions of the egg contents at different stages of development, and 
the mechanical difficulties in obtaining a homogeneous sample for 
analysis, the values from which these averages were calculated 
were in good agreement. For embryos of the same age, the devia- 
tion from the average value for iron in no case exceeded +4 per 
cent. The slight drop in the concentration of iron from the 14th 
to the 16th day may, therefore, be significant. 

Wide variations were found in the individual dry weights of 
embryos which were chronologically at the same stage of develop- 
ment. These variations, due presumably to inherent differences 
in rate of growth, increased with increasing age, and in the case 
of 18 day embryos amounted to as much as 0.5 gm. When it is 
considered that, along with this discrepancy, iron and copper are 
present in very minute quantities in the body tissues, it will be 
seen that a serious limitation is placed on the degree to which we 
can interpret our data in terms of the total iron and copper in the 
organism at different stages of development. Our figures, as 
shown in the last section of Table I, however, leave little room for 
doubt that the proportion of the total iron of the embryo which is 
concentrated in the liver decreases during the later stages of 
development, and that the copper content tends to follow a similar 
course. 
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DISCUSSION 


The results of this investigation indicate that the embryonic 
copper metabolism of the chick closely resembles that of the pig 
(Wilkerson) and contrasts strikingly with that of the human 
(Ramage et al.). Wilkerson was evidently unaware of the work of 
Ramage, and has thus made no comparison of his findings in the 
pig embryo with those of the human embryo. It is noteworthy 
in this connection that ameng all true placental mammals the 
human and the pig differ most widely in the degree of intimacy 
between the maternal and the fetal tissues. In the human pla- 
centa, the chorionic epithelium is actually bathed by the extrava- 
sated maternal blood; while in the pig, the chorionic epithelium is 
separated from the maternal blood vessels by uterine epithelium 
and a certain amount of connective tissue. Substances, therefore, 
which pass through a placenta of the human type, may not be 
able to do so in the more primitive placenta of the pig. Schick 
(13) suggests that in the human placenta catabolism of hemoglobin 
takes place, and that the pigment portion of the molecule is dis- 
charged intact into the fetal circulation. It is quite possible that 
in the pig it is necessary to have a more complete breakdown of the 
maternal hemoglobin. The embryo thus receives simpler com- 
pounds from which it has to synthesize its own hemoglobin. In 
this respect the pig would resemble the chick, which must form 
hemoglobin from the relatively simple materials supplied by the 
egg yolk. In the pig and the chick embryos, copper may con- 
ceivably be required for a stage in hemoglobin synthesis which in 
the human embryo does not take place. 

Since during the growth of the chick embryo the ratio of copper 
to iron in the tissues other than the liver remains relatively con- 
stant, and since the amount of non-hematin iron in the tissues is 
comparatively small, it would appear that copper passes from the 
liver to the extrahepatic circulation in proportion to the increase 
in hemoglobin. In the human embryo, however, copper is appar- 
ently not so utilized but is stored in large quantities in the liver, 
presumably for use after birth. 

Assuming that the total copper content of the liver reflects the 
rate of absorption of copper from the yolk, it will be seen (Fig. 1) 
that this absorption is greatest between the 13th and the 17th 
days. This period coincides with that at which protein absorption, 
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and particularly the absorption of vitellin (Schenck (14)), is known 
to be at its highest and when there is, according to Plimmer and 
Scott (15), a ravid drop in the percentage of vitellin phosphorus 
in the whole egg. This is of particular interest in the light of the 
finding of McFarlane (16) that copper is probably a constituent of 
the vitellin molecule. 


SUMMARY 


Determinations have been made of the daily changes in iron and 
copper content of the livers and of the body tissue of chick embryos, 
from the 10th day to hatching. The results indicate that: (a) 
The absolute amount of iron per liver increases steadily up to 
hatching time. The copper increases at approximately the same 
rate to the 17th day, after which its amount remains fairly con- 
stant. (b) 50 to 60 per cent of the iron accumulated in the liver 
before hatching is not combined as hemoglobin, but is present as 
non-hematin iron. (c) The percentage of iron and copper in the 
liver (per unit of dry tissue) decreases from the 13th to the 21st 
day, in inverse ratio to the dry weight of the liver. The percent- 
age in the remainder of the body tissues remains fairly constant 
throughout. (d) The proportion of the total iron and copper 
which is concentrated in the liver decreases during the later 
stages of incubation. 

A comparison is made with the embryonic metabolism of copper 
in the pig and in the human. 


The authors are indebted to Professor G. Hunter for his interest 
and advice, also to Dr. R. F. Shaner of the Department of Anatomy 
and Dr. Winifred Hughes of the Department of Zoology for helpful 
suggestions during the course of the work. 
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The preparation from corpus luteum extracts of a crystalline 
fraction which contained progestin has already been announced 
from at least three laboratories (Fels and Slotta (1), Fevold and 
Hisaw (2), Allen (3)), but no definite details of the physical proper- 
ties were given. The preparation with which we were working 
in the laboratory at Rochester was certainly not a chemically pure 
substance, and in view of what we have subsequently found it 
probably was at least 50 per cent contaminated, as judged by its 
potency compared to that of the crystalline fractions about to be 
described. Those of Fels and Slotta and Fevold and Hisaw cannot 
be similarly appraised because neither group of workers gave data 
regarding the weight of solids per rabbit unit of hormone. 

Since the publication of the above papers we have been able by 
fractional crystallization to separate the impure crystalline product 
into several different fractions which more nearly satisfy the 
requirements for chemical purity. After removal of some non- 
crystallizable oily material by leaching with ether four crystalline 
substances were isolated from the remaining material by fractional 
crystallization. The constituent preponderant in quantity in 
these mixtures is a compound (A) melting at 190° (uncorrected), 
crystallizing from benzene and petroleum ether, or from dilute 
methanol, in fine white needles arranged in rosettes. This com- 
pound in pure state is probably devoid of progestin activity. A 
castrated rabbit injected with as much as 9.7 mg. showed no signs 
of endometrial proliferation; consequently twice that dose is less 
than ] rabbit unit. Analysis and molecular weight determination 
indicate an empirical formula C.,H3,Oz, or, less probably, C22H3.Oc. 

The nature of the oxygen atoms in this inactive compound has 
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been ascertained by the preparation of several crystalline deriva- 
tives. With phenyl isocyanate the compound yields a phenyl- 
urethane melting at 214.5° (uncorrected), and on treatment in 
pyridine with p-nitrobenzoyl chloride it gives a p-nitrobenzoate, 
melting at 216° (uncorrected). Therefore, one hydroxy group 
must be present. Furthermore, a semicarbazone, melting with 
decomposition at 248-249°, has been prepared, indicating the 
presence of a carbonyl group. In view of the absence of reducing 
properties, and of the failure to give the fuchsin test for alde- 
hydes, the compound has to be considered as a hydroxy ketone, 
(CuHw) Oo: 

From the mother liquors a compound (B) could be separated 
which melts at 128° and is distinguished from Compound A by 
higher solubility in the organic solvents used. The minimal] dose 
of this substance causing detectable microscopic proliferation was 
found to be about 0.6 mg. On the basis of several assays we 
ascribe to it tentatively a potency of 1 rabbit unit per mg. (Table 
I). The substance crystallizes from boiling petroleum ether, or 
from mixtures of this solvent with ether or benzene, in large, well 
developed prisms with oblique ends (Fig. 1). Our analyses and 
molecular weight determinations make the composition C.;H30, 
most probable, although the alternative formula C2>H~s0; has also 
to be considered. It possesses selective absorption with a maxi- 
mum at 240 mp, while Compound A in the same concentration does 
not absorb light in the measurable ultra-violet range. The com- 
pound melts at 128° without decomposition, but the resolidified 
sample frequently, though not always, melts at a lower tempera- 
ture, usually at 120—-121°. This phenomenon seems to be depend- 
ent on the rate of resolidification after the first melting. Some- 
times it takes hours, even at room temperature, before the clear 
molten mass solidifies again, and then the subsequent melting 
point is invariably found to be lower. It should be noted in this 
connection that Butenandt and Stoermer (4) report a similar 
observation in regard to the melting point properties of the 
benzoate of the follicular hormone isolated from mare urine (8 
form). Recently de Yongh, Kober, and Laqueur (5) found that 
the benzoate of the supposed a@ form of the follicular hormone 
(from human pregnancy urine) behaves in the same manner. 
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TaBLe | 
Biological Assay of Compounds Isolated ; 
Sample No. M.p. Amount of solids Proliferation { 
we. mg. \ 
Compound A 1 189 3.27 0 | 
2 190 9.71 0 i 
3 186 -189 9.6 0 3 
Compound B 1 123 -125.5 1.33 ++++ a 
123 -125.5 0.88 ++ é 
123 -125.5 0.44 ~ 5 
2 127 -128 1.22 ++?? i 
| 127 -128 0.90 ++?T i 
127-128 0.61 - i‘; 
3 127 -127.5 0.91 +++ Fs 
127 -127.5 0.60 + ia 
Compound C | 1 116 -119 1.17 +++ he 
| 116 -119 0.70 ++ he 
2 119 1.47 +tt++tT i, 
119 1.05 ++ % 
119 0.63 + eT 
3 120. 5-121 1.28 ++++ 
120.5-121 0.94 Saas 4 
: 120.5-121 0.63 + ii 
! Compound D 1 74 3.45 0 ‘| 


) 2 65 —- 74 7.00 0 
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Fia. 1. Crystals of Compound B (progestin); m.p. 128°; from ether- 
petroleum ether; 1.2 times natural size. 
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Both oxygen atoms in this compound are present in the form 
of carbonyl, as shown by the preparation of a crystalline dioxime 
melting with decomposition at about 238°. Furthermore, the 
compound yields a semicarbazone. This, however, could not be 
obtained in distinctly crystalline form; it is very sparingly soluble 
in most organic solvents except glacial acetic acid and pyridine. 
Attempts to crystallize it from 80 per cent acetic acid failed; this 
treatment apparently leads to partial decomposition, since the 
nitrogen content of the resulting product lay between the figures 
required for a mono- and for a disemicarbazone. 

The fact that Compound B exhibits selective absorption at 
240 my is interesting in view of the statement of Menschick, Page, 
and Bossert (6) that this band is characteristic for a conjugated 
system of double bonds, such as exists in a,8 unsaturated ketones. 
It is conceivable that Compounds A and B are structurally related, 
Compound B containing at least one double bond (absent in 
Compound A) and a carbonyl group in place of the >CHOH 
present in Compound A. It also seems possible that our com- 
pounds may be related to pregnandiol, isolated from pregnancy 
urine first by Marrian (7) and assigned the composition C2,H 0, 
by Butenandt (8). Work is in progress to clear up these points. 

The yields of Compound B obtainable do no represent the 
full equivalent of the physiological activity contained in the impure 
crystalline fraction, since other active products with lower melting 
points were usually found to be present in the fractions from which 
Compound B was isolated. These products crystallize in clear 
cut needles, the melting point of which usually lies between 
116-119°. Needles melting fairly sharply at 120—-121° were fre- 
quently obtained by recrystallization, but we were not able to 
raise the melting point beyond that point. While it appears 
doubtful at present whether this substance represents a separate 
chemical entity, we shall for purposes of discussion designate it 
as Compound C. In its solubility and physiological potency it 
closely resembles Compound B. It seems significant that the 
melting point behavior of this substance is also abnormal. On 
repeating the determination on a resolidified sample, the melting 
point is often, although not regularly, found to be several degrees 
higher (124-127°). This observation, of course, suggests some 
relationship to Compound B. Combustion analysis gives figures 
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for the hydrogen content which agree well with those obtained 
from Compound B; the carbon content, however, was from 0.5 
to 1.0 per cent lower.!' The ultra-violet absorption curve is prac- 
tically identical with that of Compound B (Fig. 2). On treatment 
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Fie. 2. Absorption curves of Compounds B and C, in 10~ m alcoholic 

solution. 1 cm. cell. —®—®—, Compound B, m.p. 128°;—o—o—, 

— e— e—, Compound C, two different preparations, both melting at 120.5°. 








1 It should be mentioned that on two occasions we obtained low carbon 
figures with Compounds B also (Samples 2 and 4). The compound seems 
to be difficult to burn, and special care was exerted subsequently in drying 
the preparation and in conducting the combustion very slowly. But in 
spite of such precautions the carbon content of the needle-shaped crystals 
was always found to be lower than that of the prisms melting at 128°. 
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with semicarbazide acetate Compound C gave a non-crystallizable 
semicarbazone identical in appearance and solubility with that 
obtained from Compound B. 

In one case a sample of Compound B, melting at 125-127°, when 
heated for a short time in ethylene chloride, with subsequent addi- 
tion of petroleum ether, yielded a product melting at 120—121.5°. 
In the mother liquor from this product needles melting sharply 
at 120° were deposited side by side with a smaller amount of prisms 
melting at 127-128°. From this it might be concluded that Com- 
pound C does not really represent a definite chemical] entity, but 
more probably consists of mixed crystals of Compound B with 
small amounts of an impurity possibly derived from the former 
by decomposition or air oxidation. On the other hand, the 
peculiar behavior of both Compounds B and C on repeated melting 
is difficult to explain on this basis, and the possibility must be kept 
in mind that we are dealing here with two interconvertible 
(polymorphous) forms of one and the same compound. It is hoped 
by further studies with larger amounts to clarify the relationship 
of these two substances. 

Besides Compounds A, B, and C, a small amount of a compound 
(D) melting at 74° after softening at 70°, and crystallizing from 
petroleum ether in rhomboidal platelets, was isolated in one case 
from a distillate obtained under high vacuum. This substance 
was found as a contamination in impure fractions of Compounds 
AandC. Like Compound A this substance was found to be physi- 
ologically inert. The amount was too small for chemical char- 
acterization. 


EXPERIMENTAL 


The method which we have employed for the preparation of 
purified products is fundamentally that described in previous 
papers on the subject (3, 9, 10). 

The subsequent steps have also been published, but they have 
not been given in as systematic a manner as the preceding ones, 
so they will be described in detail. The oily material used as a 
starting point for the preparation of crystalline material was the 
one formerly designated (3) as Fraction 1. All subsequent 
volumes are given for the equivalent of 10,000 gm. of fresh tissue 
(see the accompanying diagram for an outline of the steps). The 
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19,700 gm. fresh tissue equivalent to 
300 rabbit units. 
Dissolved in 70% ethyl alcohol. 
Extracted with petroleum ether 


13 gm. solids. 





7.3 gm.; 1 rb.u.* 
= 400-500 mg. ; 
15 rb.u. 


Petroleum ether 





2.59 gm.; 1 rb.u. 


= 8-10 mg.; 285 
rb.u. Chilled at 
—4° from petro- 
leum ether-abso- 
lute alcohol 





Diluted with equal 
volume of water. 
Extracted with 
petroleum ether 


__ 35% alcohol 





3.0 gm.; 1 rb.u. 
> 500 mg.; < 6 
rb.u.; 1 rat 
unit estrin = 3 
mg.; 1000 rat 
units estrin 








* Rabbit units. 


Insoluble crystals Soluble 
| 250 mg. (approximate) 2.25 gm. oil. 
Distilled in 
| high vacuum 
| Fraction 1 Fraction 2 Fraction 3 
| 70-128°; 0.02-0.002 100-150°; 0.0008- Undistilled; 1.12 
| mm.Hg;123 mg.; 0.0003 mm. Hg; gm.; 1 rb.u. = 
1 rb.u. = 12 mg.; 1.0 gm. oil 60 mg.; 20rb.u. 
10 rb.u. chilled at —4° 
| from petroleum 
ether-ethyl 
ether 
| 
Crystals : Oil 
200 mg. 765 mg.; 1 rb.u. 
Total 465 mg.; 1 rb.u. = 2.8mg.; 165 rb.u. * ” mg.; 85 


ether solution, instead of being washed with aqueous NaHCOs,, is 


| distilled to dryness and the syrupy, brown residue is dissolved in 





50 ce. of absolute ethy! alcohol. 


Next, 20 cc. of water are added 
(making the alcohol approximately 70 per cent), and the resulting 
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opalescent solution is extracted five times with 20 cc. of petroleum 
ether for each extraction (purified over H,SQ,, b.p. 35-55°). This 
procedure removes from the 70 per cent alcohol solution all of the 
cholesterol and much of the other fatty material, but at the same 
time about 25 per cent of the progestin is lost to the petroleum 
ether. Because of this, the petroleum ether fraction is reduced 
to about 5 cc., and 25 ce. of absolute alcohol and 10 cc. of water are 
added. The resulting 70 per cent alcohol is extracted five times 
with 10 cc. portions of petroleum ether. This alcoholic fraction 
is added to the first and the petroleum ether is worked over twice 
more, exactly as the second time above. The net result of this 
step is a considerable purification of the hormone remaining in the 
70 per cent alcohol, with a loss of only about 5 per cent of the 
progestin to the petroleum ether. This maneuver of course 
secures no separation of estrin and progestin, both hormones being 
much more soluble in 70 per cent alcohol than in petroleum ether. 

The next step is designed to remove the estrin and much of the 
brown resinous material. To this end, the 70 per cent alcohol 
is diluted with an equal volume of water (there are approximately 
70 cc. of 70 per cent alcohol from the first separation and 35 ce. 
each from the second, third, and fourth; consequently 175 ce. 
of water are added), and extracted four times with 150 cc. portions 
of petroleum ether. The petroleum ether solution is pale yellow 
and the 35 per cent alcohol solution opalescent, with many dark 
brown droplets present. The petroleum ether solution is reduced 
to 20 cc., 100 cc. of absolute ethyl alcohol and 200 cc. of water 
are added, and the resulting dilute alcohol solution is extracted 
four times with 150 cc. portions of petroleum ether. Following 
this step practically all of the progestin will be found in the petro- 
leum ether fraction and almost all of the estrin in the dilute 
alcohol fraction. 

It will be noted that the method used to this point differs from 
that which we have recently described for the separation of estrin 
from progestin (11) only in that a distribution between 70 per cent 
alcohol and petroleum ether was used prior to the distribution 
between petroleum ether and 33 to 35 per cent alcohol. This can 
be done either before, as outlined here, or Jater, but time is saved 
by carrying out the steps in the above order, since the dilute aleo- 
hol solutions do not have to be reduced to small volume by 
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distilling, and the same excellent separation of the estrin and 
progestin is obtained. 

From these two steps are obtained three fractions which give 
yields of hormone as follows: Fraction 1, petroleum ether fraction 
from 70 per cent alcohol, 1400 gm. of fresh tissue = 400 mg. of 
solids = 1 rabbit unit; Fraction 2, petroleum ether from 33 to 35 
per cent alcohol, 70 gm. of fresh tissue equivalent to 1 rabbit unit = 
6 to 10 mg.; Fraction 3, 35 per cent alcohol, 3000 gm. of fresh 
tissue equivalent to 500 mg. = 1 rabbit unit of progestin = 150 
to 200 rat units of estrin. 

This method has been followed in preparing five different lots 
of tissue, each of approximately 10,000 gm., with almost identical 
results, and with very little technical difficulty. The subsequent 
steps unfortunately have not been as uniform, chiefly because 
different methods of purification were being tried. In view of this 
we have thought it advisable to describe as clearly as possible the 
procedure used in a single case, realizing of course that it is far 
from perfect and will probably eventually be supplanted by a 
simpler method. 

A petroleum ether solution, containing the hormone from 19,700 
gm. of fresh tissue, was distilled to dryness and yielded 2.59 gm. 
of light brown oil (1 rabbit unit = 8 to 10 mg.) that was soluble 
in small amounts (2 to 3 cc.) of petroleum ether but largely 
insoluble in larger amounts (25 to 30 cc.). It was dissolved in 4 
cc. of petroleum ether and chilled at —4° for 24 hours.? About 
400 mg. of yellowish crystals were obtained. The crystals after 
leaching with ethyl ether were dissolved in 2 cc. of absolute ethy] 
alcohol and 2 cc. of petroleum ether and again chilled at —4°. 
About 250 mg. of snow-white crystals were obtained in this man- 
ner. The mother liquors were combined, the solvent distilled off, 
and the resulting oil (2.25 gm.) distilled in a high vacuum. A first 
fraction of 123 mg. was collected between 90—128° and at pressures 


? Petroleum ether is usually unsatisfactory because the crystals which 
are frozen out are always contaminated by much dark brown oil. Conse- 
quently small amounts of ethyl ether or absolute alcohol are added to retain 
this oil in the mother liquor. Benzene may also be used, but this is not as 
satisfactory as ethyl ether. When ethyl ether and petroleum ether in equal 
parts are employed, the solution may be chilled at —70° without precipitat- 
ing this resinous oil. 
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of 0.02 to 0.002 mm. The pressure could not be further reduced, 
so the fraction was removed from the condensing surface. A 
second fraction was then obtained between 100—150° and with 
pressures ranging from 0.0008 to 0.0003 mm. This second fraction 
yielded 1.0 gm. of a light colored wax from which about 200 mg. 
of crystals were obtained by freezing from small volumes of ethy] 
ether-petroleum ether mixtures at —4°. These crystals were 
combined with those obtained just prior to high vacuum distilla- 
tion, a total of 465 mg. being obtained from the 19,700 gm. lot of 
tissue. These were biologically assayed and it was found that 1.86 
mg. gave a ++ proliferation and 2.8 mg. a ++-+4 proliferation. 
Consequently, 165 of the original 250 rabbit units were present 
in this crystalline fraction. The mother liquors on evaporation 
yielded 765 mg. of thick yellow oil. This was assayed and 9 mg. 
were found to be 1 rabbit unit. Consequently 85 rabbit units 
still remained in the mother liquors. The residue undistilled 
from the high vacuum distillation was a dark brown syrup which 
contained very little hormone. The accompanying schematic 
diagram shows the steps followed and the yields of solids and 
hormone. 

Of the above crystalline fraction 440 mg. were next subjected 
to fractional crystallization. The material was dissolved in 5 ce. 
of absolute alcohol with warming to 65°. On chilling, 142 mg. of 
crystals, melting at 164-165°, separated out. An additional 
amount of 71 mg. with a melting point of 141—143° was obtained 
by chilling the filtrate to —70°. This material was separated 
from the mother liquor by centrifuging at —70° and washing with 
cold absolute alcohol. The supernatant fluid and washings were 
brought to dryness at slightly elevated temperature. The residue, 
which consisted of crystals embedded in a yellow oil, was leached 
with 2 cc. of cold absolute ether, which removed most of the oil. 
The crystalline material, still contaminated with some oil, weighed 
128mg. The oily fraction weighed 104mg. The three crystalline 
fractions thus obtained were subjected to fractional crystallization. 
With the higher melting fractions precipitation in the cold from 
benzene solution with petroleum ether was usually employed, while 
with the fractions with lower melting points peroxide-free ether 
and petroleum ether, or petroleum ether alone, were more 
frequently used. 
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A detailed account of the fractional crystallizations leading to 
the isolation of the pure compounds seems hardly necessary. 
It may suffice to mention that Compounds B and C can conven- 
iently be obtained by letting the mother liquors still containing 
some of Compounds A and D slowly come to dryness. The active 
compounds usually crystallize in aggregates or single fairly large 
crystals easily distinguishable from the small globular and rosette 
forms of Compound A, and can be separated mechanically from 
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Taste II 
Analyses and Molecular Weight Determinations 
| Sample No. M.p. c H yey 
wv. per cent per cent 
| Compound A 1 186 79.13 10.51 
| 2 {190 79.46 | 10.57 | 333 
2 190 79.50 10.83 329 
3 189.5 79.17 10.78 
Theory C2H3,O02 79. 16 10.77 318 
C22H 3502 79.44 10.92 332 
Compound B 1 123 -125.5) 80.16 9.68 314 
| 2 127 -128 | 79.08 | 9.55 | 358 
3 125 -127.5) 80.26 9.78 306 
4 126 -127.5| 79.46 9.54 
5 128 80.24 9.86 
| 5 128 80.00 9.83 
Theory C2H3002 80.20 9.62 314 
CooH2s02 79.95 9.40 300 
Compound C 1 116 -119 79.71 9.83 311 
, 2 119 -120.5) 79.60 9.69 
: 3 119 -120 79.20 9.78 | 
] 4 120, -121 79.58 9.87 | 
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the latter. Compound D was obtained from warm petroleum 
ether, from which it separates in loose, light crystals which can 
be decanted with the mother liquor, while Compounds A and C 
form heavy deposits sticking to the wall of the vessel. The yields 
of the pure compounds obtained from this particular batch can 
be given only approximately and represent minimum figures, since 
for practical reasons the purer fractions were pooled in the later 
stage of the procedure with some fractions from other batches. 
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Also some of the intermediate fractions and oily residues have 
not yet been worked up. The approximate yields of the various 
compounds follow: Compound A (m.p. 190°), 70 mg.; Compound 
B (m.p. 128°), 30 mg.; Compound C (m.p. 116-120°), 20 mg.; 
Compound D (m.p. 70—74°), 15 mg. 

The recovery of physiological activity (about 50 rabbit units) 
in the form of Compounds B and C was only about one-third of 
that of the original crystalline fraction (440 mg.). Undoubtedly 
a part of the activity was still present in the oily fractions. 

The progestin was assayed by the method previously described 
(9). Sexually mature female rabbits were mated, castrated 18 
hours later, and then injected once daily for the next 5 days with 
the desired amount of solids dissolved in 1 ce. of Mazola (com- 
mercial maize oil), 0.2 ec. being injected daily. Autopsy was 
performed on the day after the last injection and the uteri sub- 
mitted to histological study, the degree of proliferation obtained 
being expressed as 0, +, ++, +++, ++++4 (10). 

Analyses of the compounds are given in Table II. 


Derivatives of Compound A 


Phenylurethane—12.9 mg. of Compound A were dissolved in 
2 ec. of dry benzene, 0.3 cc. of freshly distilled phenyl isocyanate 
was added, and the solution boiled for 4 hours. After removal of 
the solvent and excess reagent by vacuum distillation the crystal- 
line residue was dissolved in warm absolute alcohol. On standing 
in the ice box, the phenylurethane crystallized in needles melting 
at 213—214.5°. The compound was recrystallized once more from 
the same solvent, giving 10 mg., m.p. 214.5°. 


Analysis—C.23H;,0;N. Calculated. C 76.83, H 8.99, N 3.20 
. ? Found. “* 76.47, “* 9.27, “* 3.44 


p-Nitrobenzoate—A solution of 14.7 mg. of Compound A and 
25 mg. of p-nitrobenzoy! chloride in 1 cc. of absolute pyridine was 
heated for 3 hours in a sealed tube in the water bath. After the 
addition of 4 cc. of ice water the resulting precipitate was washed 
five times with water. The dry product (18 mg.) was crystallized 
twice from absolute alcohol and yielded 9 mg. of needles melting 
at 216°. 


Analysis—C2sH3;0;N. Calculated. C 71.90, H 7.98, N 3.00 
Found. “71.25, ‘* 8.09, “‘ 3.25 
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Semicarbazone—20 mg. of Compound A were dissolved in 3 ce. 
of 80 per cent methanol and allowed to stand with an excess of 
semicarbazide acetate at room temperature. After a short time 
a precipitate consisting of hexagonal platelets was formed which 
was filtered off after 20 hours, washed with 50 per cent methanol, 
and recrystallized once from dilute ethyl aleohol. The compound 
melted with decomposition at 240—243°. 


Analysis—C22H;702N;3. Calculated. Cc 70. 34, H 9.94, N 11.20 
Found. “ 68.92, “ 9.95, “ 10.63 


Another batch of the semicarbazone prepared in the same 
manner but recrystallized four times melted with decomposition 
at 248-249° and on analysis gave the following results: C 69.50, 
H 10.46,? N 10.95. 


Dioxime of Compound B 


A solution of 6.4 mg. of Compound B in 1.5 ec. of 90 per cent 
alcohol containing an excess of hydroxylamine acetate was boiled 
for 2 hours under a reflux. On concentrating the solution and 
adding 0.5 cc. of water, the oxime crystallized in leaf-shaped 
aggregates. Yield, 5.4 mg., melting with decomposition at 238° 
after darkening above 220°. The compound was recrystallized 
once from dilute alcohol. 


Analysis—C2,H3:0:N2. Calculated, N 8.14; found, N 8.17 


The semicarbazone of Compound B was prepared by warming 
6.4 mg. of the compound in 90 per cent alcohol with an excess of 
semicarbazone acetate. After a short time a precipitate con- 
sisting of globular aggregates deposited; this was washed with 
water and alcohol. Yield, 9.7 mg. The substance decomposes 
on heating above 280°, is insoluble in water, dioxane, and ethyl 
acetate, very sparingly soluble in methanol, ethanol, ether, some- 
what more soluble in warm ethylene chloride, benzene, and toluene, 
fairly soluble in warm pyridine, easily soluble in cold glacial acetic 
acid. After various fruitless attempts to recrystailize it from the 
two last named solvents it was precipitated from glacial acetic 
acid with an excess of water. On analysis the substance gave 
N 12.90. 

The semicarbazone of Compound C was prepared in the same 


* High owing to unfavorable atmospheric conditions. 


Hid Aree oe 


edicts aed 


We Se ie tite Ah be SG Fein Pog FE 


ANAK Siar 



























- 


iM 


Pe wes 


a Pur 





334 Crystalline Progestin 


way, except that methanol was used as solvent, and the solution 
allowed to stand at room temperature for 48 hours. The precipi- 
tate, resembling in every respect that obtained from Compound 
B, was washed with dilute methanol, then with cold water, and 
finally extracted several times with boiling ethyl alcohol. 


Analysis 
C22H3;02N; (monosemicarbazone). Calculated. N 11.32 
C23;H3.O2N¢ (disemicarbazone). - ** 19.62 


Found. ** 18.75 


The amounts available of the dioxime of Compound B and the 
semicarbazone of Compound C were not sufficient for determining 
their carbon and hydrogen contents. 

In view of the possibility touched upon in the first part of the 
paper that Compounds B and C might contain a double bond in 
the a, 8 position to a keto group, caution has to be taken in the 
interpretation of the nitrogen figures obtained from their deriva- 
tives. It is well known that a,8 unsaturated ketones react under 
certain conditions with 2 molecules of hydroxylamine, forming 
hydroxylaminoximes, 1 molecule reacting with the carbony! group 
in the normal way, and the other adding to the carbon atom in 
the 8 position. Particularly compounds which contain the keto 
groups and double bond in a hydrogenated ring system form 
hydroxylaminoximes with comparative ease. The product formed 
from Compound B with an excess of hydroxylamine could there- 
fore conceivably be a hydroxylaminoxime and not a dioxime. 
This would, of course, invalidate our statement as to the carbonyl 
character of both oxygen atoms in Compound B. However, the 
nitrogen content of the dioxime is in better agreement with the 
theory for the dioxime C;H3go(: NOH), than with that for the 
hydroxylaminoxime C.,H3,;0(:NOH)(-HNOH). The latter for- 
mula would require 7.73 per cent. Moreover, a hydroxylamin- 
oxime would have to exhibit reducing properties, while our 
dioxime does not. Similar considerations apply to the supposed 
disemicarbazone of Compound C. Here the nitrogen content 
found (18.75) is in better agreement with the figure required by 
the semicarbazino-semicarbazone C,H;,0(:N-NH-CO-NH,) 
(-NH-NH-.CO-.NH;), which is 18.83 per cent, and too low for 
the disemicarbazone (19.62 per cent). But as our product :is 
amorphous and of doubtful purity, we do not ascribe too much 
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significance to this fact. Furthermore, this compound lacks re- 
ducing properties, whereas the semicarbazino-semicarbazone ob- 
tainable from mesityl oxide is reported to reduce warm Fehling’s 
solution (12). 


SUMMARY 


Several crystalline compounds have been isolated from active 
extracts of the corpus luteum. Among these a compound of com- 
position C2,H3002, melting at 128°, is believed to be identical with 
the hormone which causes progestational proliferation of the endo- 
metrium of the castrated rabbit. It contains both oxygen atoms 
in the form of carbonyl groups. Other crystalline products of 
equal potency, but of different crystal form and melting at 120- 
121°, were also obtained. They either represent a polymorphous 
modification of the hormone or mixed crystals containing a small 
amount of an unknown contaminant. The main constituent of 
the crude crystalline fractions is an inactive compound of the 
probable composition C,H3O.. This substance is a hydroxy 
ketone. Its phenylurethane, p-nitrobenzoate, and semicarbazone 
have been prepared. 


Addendum (September 7, 1934)—Since this paper was submitted, several 
communications bearing on the isolation of the hormone have appeared. 
Professor A. Butenandt, according to information personally received from 
him, has announced the isolation of the hormone (m.p. 128°) and of an 
inactive compound (m.p. 189°) on April 11 at a meeting of the Deutsche 
Gesellschaft fiir innere Medizin in Wiesbaden, thus amplifying in his lecture 
the statements available in the proceedings of the meeting (13). A more 
detailed account of his findings has been published (14), in which also the 
isolation of another active substance (m.p. 120-121°) was mentioned. All 
of Butenandt’s chemical and physiological findings are in complete accord 
with our own. The substance .isolated by Hartmann and Wettstein (15) 
was, to judge from its m.p. (175-177°) and physiological potency, probably 
a mixture of our Compounds A and B, and the dioxime which they obtained 
from it was apparently derived from the active component only. Recently 
Slotta, Ruschig, and Fels (16) described the isolation of four compounds 
from the corpus luteum. Their Luteosteron C (m.p. 127-128°; CooH2sO. or 
Cx,H3002) and Luteosteron D (m.p. 118-120°; C 79.83 per cent, H 9.66 per 
cent) obviously correspond to our Compounds B and C, respectively. 
They state that neither of these substances alone but only a mixture of the 
two possesses the complete and typical physiological action on the uterus, 
which is at variance with our findings. Their inactive Luteosteron A (m.p. 
185-186°; CooH 3202 or C2:,H3,402) is probably identical with our Compound A. 
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They also obtained an inactive compound, Luteosteron B, which is supposed 
to be closely related to Luteosteron A, but do not give any details about its 
properties. 


By oxidation of our Compound A with chromic acid we have recently 


obtained a diketone melting at 191-194° which is not identical with preg- 
nandione (m.p. 123°). 
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The sensitivity of the frog’s heart to changes in the calcium con- 
tent of its nutrient fluid has long been known. Straub (1) com- 
mented that this sensitivity could be made use of to titrate calcium 
concentrations. Trendelenburg and Goebel (2) used it to dem- 
onstrate the reduction in calcium in the serum of the cat in para- 
thyroid tetany. Klinke (3), in his comprehensive review, mentions 
the frog’s heart as a possible biological indicator of calcium ion 
concentrations, but expresses doubt, based partly on the work of 
Giinther and Heubner (4), as to whether its contraction is affected *y 
by calcium in the ionized form alone. The use made of the frog’s “| 
heart by Clark, Percival, and Stewart (5) in a study of calcium 
and citrate mixtures is referred to in detail in the accompanying VW 
paper (6). 

The method here described is the result of an attempt to utilize 
this sensitivity of the frog’s heart, in a strictly quantitative 
manner, for the estimation of calcium ion concentrations in cer- 
tain saline solutions and biological fluids. The validity of the 
method is based upon the following assumptions or demonstra- 
tions: 

1. That all of the calcium in the solutions used as standards of 
reference is present in ionized form, even when these solutions 
are supersaturated with respect to CaCO ;. Since all Cat* ob- 
servations are expressed in terms of the standard solutions, any 
error due to this assumption would have a corresponding effect 
upon the Ca++ concentrations estimated by the method. 
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*A preliminary communication has been published previously (Proc. 
Soc. Exp. Biol. and Med., 30, 1344 (1932-33)). 
This work was aided by a grant from the Josiah Macy, Jr., Foundation. 
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2. That the frog’s heart is sensitive to changes in the concentra- 
tion of Ca**, but not to changes in the concentration of calcium in 
non-ionized form. That this is true when calcium is combined 
with citrate is shown in the accompanying paper (6). That it is 
true when calcium is combined with protein has also been shown 
(7). 

3. That, other conditions being identical, two solutions inducing 
an identical response from the frog’s heart, in a range of Ca++ 
concentration in which the heart is able to respond to changes 
in either direction, have an identical concentration of Ca++. 

4. That in the case of biological fluids, it being impossible to 
make the solutions of reference exactly comparable, the results 
may be regarded as valid, provided certain precautions, to be 
described, are observed. 


Method 


The method consists essentially in the direct comparison and 
matching of known solutions with solutions or biological fluids of 
unknown Ca** concentration, the criterion for equal Ca++ concen- 
tration being equal amplitude of contraction of the ventricle of the 
isolated heart of the frog, as recorded on a drum. It is emphasized 
that the method depends upon direct matching and does not 
involve calculations from one set of conditions to another. Pro- 
vided, therefore, that the heart used is sensitive to changes within 
the range in which Ca**is present, a condition which must in each in- 
stance be demonstrated, the method is independent of the par- 
ticular state of activity, or particular amplitude of contraction, 
of the particular heart used as an indicator. 

Preparation—The preparation is the isolated heart of the frog, 
suspended from a modified Straub cannula and so arranged that 
the amplitude of contraction of the ventricle will be recorded, 
greatly amplified, upon a moving drum. 

Healthy, full-blooded frogs of medium size are chosen. ‘Frogs 
showing edema of the legs are particularly to be avoided. A frog 
is pithed and the heart exposed. A straight cannula (Fig. 1) 5.0 
to 5.5 em. long over-all, with an internal diameter of 6.0 mm., a 
capacity of about 1.0 cc., and a tip with an outside diameter not 
to exceed 2 mm., is inserted through the left branch of the aorta 
into the ventricle, where it is held by a ligature around the aorta. 
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The heartis raised from the body, a second ligature is passed around 
all the tissues to which the heart is attached, care being taken not 
to injure the auricles, and the attachments are severed beyond the 
ligature. The cannula is filled with a suitable fluid, and the fluid 
repeatedly changed until all blood has been washed out. For 
changing the fluid a medicine dropper with a tip long enough to 
reach the constricted portion of the cannula is used. 

If the preparation has been properly made, the fluid in the can- 
nula will move with an excursion of several mm. with each beat of 
the heart, and there will be no escape of fluid. If fluid escapes, 
indicating damage to the preparation, a new heart will usually be 


6 mm inside 





55cm. 
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2mm. ‘outside 
Fia. 1. Modified Straub cannula 


required. The chief source of difficulty in making the prepara- 
tions is in reaching the cavity of the ventricle, and in securing the 
cannula in place so that communication is unobstructed. Some 
difficulty may be experienced in passing through the aortic valve, 
and it is important not to use force, the best results being obtained 
by teasing the valve orifice over the tip of the cannula. 

A silk thread is either tied around the tip of the ventricle or toa 
small clip attached to the apex. The former procedure is most 
easily carried out with the heart and cannula empty, and with 
the cannula inserted through a rubber stopper held firmly by a 
clamp. The preparation is suspended in a simple chamber, made 
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from the upper 7 cm. of a Pyrex test-tube of 22 mm. diameter, . 


with a tightly fitting rubber stopper, the chamber being kept 
moist with a piece of moistened filter paper adhering by capillarity 
to the posterior wall. The thread is passed through pulleys to a 
writing lever. The recording system should be as nearly free 
from friction and inertia as possible, and with these precautions, 
and proper counterbalancing of the lever, the amplitude of excur- 
sion of the writing point on the drum may be adjusted at will. 
An excursion of about 8 to 9 cm. for the maximum amplitude of 
contraction gives the desired sensitivity to the method. During 
the period while adjustments are being made the fluid in the 
cannula should be changed frequently. 

A suitable preparation may under favorable conditions be used 
over a period of 2 to 4 days. While the preparation is at room 
temperature, the fluid should be changed frequently, but it may 
be left in the ice box overnight without change of fluid, and if still 
usable will recover promptly on being brought to room tempera- 
ture and on change of fluid. Any preparation which has been 
exposed to solutions or fluids toxic to the heart will, of course, 
have a shorter period of usefulness. 

Solutions of Reference—The requirements of the solutions of 
reference are: (1) they must be capable of sustaining the action 
of the heart; (2) their Ca++ concentration must be accurately 
known; (3) they must approach as nearly as possible the com- 
position of the unknown solutions or biological fluids with which 
they are to be matched. 

Our earlier observations on biological fluids were made by 
analyzing each fluid separately for its inorganic constituents, the 
solutions of reference being made up on the basis of these analyses. 
As a result of investigations reported in this paper, we have found 
it possible, in making routine observations, to use two standard 
series of solutions of reference, one especially adapted to obser- 
vations upon strum and the other to observations upon cerebro- 
spinal fluid. These differ from one another only in their potassium 
content, and are based upon average values for the inorganic 
constituents of normal fluids. It appears that under ordinary 
conditions the use of these standard solutions of reference does not 
introduce an error greater than 0.1 mm per liter of Ca++ in indi- 
vidual determinations, but it should be pointed out that this error 
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may be exceeded in the case of fluids with marked deviation from 
the normal in electrolyte content, and that under such conditions, 
particularly when the potassium content is high, actual analysis 
of the unknown fluids may be desirable. 

The standard solutions of reference are based upon the solution 
of van Dyke and Hastings (8). They differ from Ringer’s and 
Locke’s solutions chiefly in that they are buffered with approxi- 
mately the NaHCO; concentration of human serum, and that the 
pH is controlled and the solutions are oxygenated by saturation 
with an appropriate CO,-O, mixture. They are isotonic with, 
and have approximately the ionic strength of mammalian fluids. 
Phenol red, which does not affect the heart in the concentrations 


TaBLeE I 


Concentrations of NaHCO; Required for pH 7.35 at 38° When Solutions Are 
Saturated with CO.-O, Mixture at 25° and 760 Mm. Barometric Pressure 








CO: NaHCO; 154 mm NaHCO; 
per cent mM per l. cc. per tl. 

3.5 19.2 124.6 

4.0 21.9 142.2 

4.5 24.8 161.0 

5.0 27.4 178.0 

5.5 30.1 195.5 

6.0 32.9 213.7 











used, serves as a constant check on pH. Nearly all of the solu- 
tions are supersaturated with respect to CaCO;, but unless 
allowed to become too alkaline they will usually be serviceable for 
1 day. Any solutions from which precipitation of CaCO; has 
begun must be discarded. ~ 

Preparation of Solutions of Reference—For routine observations 
it is convenient to keep in the laboratory basic solutions containing 
all of the constituents of the solutions of reference except calcium, 
which must be added shortly before the solutions are to be used. 
The basic solutions are kept saturated (at room temperature) with 
a mixture of approximately 4.0 per cent CO, in O,. The concen- 
tration of NaHCO; in these solutions should be adjusted so that 
when saturated at 25° with the CO,-O, mixture the pH at 38° would 
be between 7.35 and 7.40, in order that when observations are 
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made at room temperature the pH of the fluid and of the solutions 
of reference will be comparable. Mixtures of CO, and O. may 
be obtained on specification from commercial sources, but calcu- 
lations should be based upon accurate analyses. Table I may be 
used to facilitate calculation of the NaHCO; concentration appro- 
priate to the gas mixture used. 

The stock and basic solutions may be made up as indicated in 
Table II, and the basic solutions saturated at room temperature 
with the CO,-O, mixture. Saturation should be repeated when- 
ever solutions of reference are to be made. 


TaBLe II 
Composition of Stock Solutions Isotonic with Each Other and with Mammalian 
Fluids, and of Basic Solutions, Assuming Gas Mixture of 
4.0 Per Cent* CO, in O, 














Salt He y Stock solutions | Basic solutions 
_ a {- a 
| ma perl | gm. per l. | mM per l. | ce, stock eal 
NaCl (anhydrous)..............| 154.0 | 9.00 | 127.4 | 827.6 
KCl ” pet se 154.0 11.48 2.0t 13.0 
NaHCO; (anhydrous). ..| 154.0 | 12.93 | 21.9* 142.2 
MgCl; -6H;0. . a . 20.88 1.0t| 9.7 
Phenol red.. Satdsiuuasacl 1.00 | 7.5 
SE See | 2.0 gm. 





* For gas mixtures other than 4.0 per cent CO., see Table I. 

t This concentration is appropriate to cerebrospinal fluid. We have 
generally used 5.0 mo per liter, or 32.5 cc. of the stock solution of KC! per 
liter, for comparison with sera on the basis of the assumption that all of the 
potassium in serum is ionized. This assumption is open to question. 

t We have usually omitted magnesium from the solutions of reference. 


The solutions of reference are quickly made up each day by 
pipetting the saturated basic solution into a series of flasks and 
adding the appropriate amounts of an accurately standardized 
solution containing approximately 102.7 mm per liter of CaCh. 
For observations on normal serum or cerebrospinal fluid a range 
of 0.8 to 1.5 mm per liter of calcium, at intervals of 0.1 mm per 
liter, will usually be adequate. The slight change of volume inci- 
dental to adding the amounts of CaCl, solution required is not 
sufficient to introduce a significant error. 
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Procedure 


The heart is usually started with the solution of reference con- 
taining 1.2 mm per liter of calcium. After adjustments are made 
and the record started, the cannula is emptied and refilled with 
the same solution, in order to determine whether the heart has 
reached a stable condition. If a change in amplitude occurs, 
the cannula is emptied and refilled with the same solution, about 
once a minute, until the amplitude is stabilized. 

The range of sensitivity is tested by changing the solutions. 
The change from one solution to another is effected by emptying 
the cannula with a medicine dropper, washing twice with the new 
solution, and filling with the new solution to exactly the same 
level as before, this level being most conveniently that at which 
the fluid just reaches the top of the cannula during contraction 
of the ventricle. The speed of reaction of the heart to a change 
in Ca++ of not more than 0.2 ma per liter is such that equilibrium 
with the new solution is frequently reached by the time the change 
of solution is completed. 

For each preparation there is a certain minimum concentration 
of Cat+* which will provoke a maximum contraction. The method, 
therefore, is limited in its usefulness to solutions of fluids which 
provoke a response less than the maximum. Under favorable 
conditions the maximum response is not reached until the con- 
centration of Ca++ is 1.5 mm per liter or higher, but individual 
preparations vary considerably. Solutions containing less than 
0.5 mm per liter of Ca++ are not favorable to sustained action of 
the heart, and are unsuitable for general use. The most practicable 
range for observations by this method is 0.5 to 1.3 mm per liter 
of Cat*. : 

After the range of sensitivity is established, the fluid is again 
changed to one with a Ca++ concentration expected to be near 
that of the unknown. In the case of normal serum or cerebro- 
spinal fluid this is about 1.2 mm per liter of Ca++. Having es- 
tablished equilibrium with this solution, a change is made to the 
unknown. The process is then continued, the known solutions being 
varied until the unknown is matched, and until the sensitivity 
is again established by demonstrating that the next higher solution 
will cause an increase and the next lower solution a decrease in 
amplitude. The concentration of calcium in the known solution 
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which matches the unknown may then be taken as the concentra- 
tion of Ca++ in the unknown. If the unknown falls between two 
known solutions the concentration of Ca++ may be estimated to 
within 0.05 mm per liter. It is desirable to repeat each observa- 
tion at least twice and preferably three times, in order to eliminate 
the influence of momentary fluctuations in the response of the 
heart. 

In making the comparisons particular attention is paid to the 
height of systolic contraction, since the effect of varying Ca++ 
concentrations is more constant upon contraction than upon 
relaxation. Behavior during relaxation, however, serves as a 
useful check upon the condition of the heart and upon the uni- 
formity of the conditions under which it is working. 

When material is adequate, any solution which has been in 
the heart and cannula should be discarded. In the case of limited 
amounts of biological material the same fluid may be used re- 
peatedly, provided that proper precautions are taken to avoid 
dilution in washing out the cannula. This is done by removing 
all that is possible of the previous solution before introducing the 
unknown, a procedure which is simplified by the fact that the heart 
empties itself almost completely when the cannula is empty. In 
this way observations may be made upon as little as 3 ec. of fluid. 
Observations have been made on a wide variety of solutions, con- 
taining various chemical substances, with little or no difficulty. 
With such solutions a favorable range of Ca++ concentrations can 
be chosen, and if any toxic effects exist, making the solutions unfit 
for use, they manifest themselves at once. The method is most 
accurate and offers the least difficulty with solutions of which the 
composition can be accurately controlled. 

In the case of certain biological fluids difficulties are encountered 
which may result in loss in accuracy and in the ease with which 
observations are made. The chief sources of difficulty are as 
follows: (1) certain fluids, notably dog serum, are toxic, and the 
heart will survive only limited exposure to them; (2) the concen- 
tration of Ca++ in normal or hypercalcemic fluids may be at or 
above the upper limit of the range of sensitivity of the heart; (3) if 
hemolysis has occurred, the concentration of potassium in the 
serum may be too high; (4) most biological fluids contain sub- 
stances which exert a pressor effect independently of the Ca** con- 
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centration, and this effect must be differentiated from the Cat+ 
effect. 

As a rule these difficulties can be overcome, but in rare instances 
no reading can be obtained. Cerebrospinal fluid from man and 
from dogs has caused relatively little difficulty. As to serum, the 
least difficulty has been encountered with human material. 
Rabbit serum is non-toxic, but on account of its high Ca++ content 
is apt to give rise to difficulties with the range of sensitivity. 
Dog serum is almost uniformly toxic, and the heart will survive 
exposure to it for only a few minutes. Beef serum has been found 
to be relatively unfavorable. Pleural fluid, chest fluid, and edema 
fluid of human origin have caused no difficulties. Serum from 
patients in uremia has not proved toxic, but there is doubt as to 
whether the standard solutions of reference are comparable to 
these sera. Aqueous humor, promptly removed from fresh 
slaughter-house material, is favorable. Chicken serum is satis- 
factory. All biological material should be used fresh and there 
should not be more than a faint tinge of hemolysis. Serum should 
not stand in contact with cells. Fluctuations in Ca++ concentra- 
tion due to a moderate change in pH are not great, even in protein- 
containing fluids, but it is desirable to saturate the material with 
the CO,-O, mixture used for the standard solutions. 

Granted non-toxic material, the most serious difficulty is with 
respect to the range of sensitivity, and a wide variation in be- 
havior is seen in different preparations. Some preparations show 
a satisfactory range when fresh, others after a few minutes to an 
hour or so, others only after a night in the ice box. Still others 
show a satisfactory range in the standard solutions, but become 
insensitive in the higher ranges after exposure to the pressor effects 
of serum. Seasonal variations and the general condition of the 
frogs, plus individual variations, seem to play the greatest part 
in determining the range of sensitivity. The following sugges- 
tions may prove useful in case this difficulty is encountered: (1) 
select healthy frogs; (2) have patience in the hope that the range 
will improve; (3) expose the heart for brief periods to higher con- 
centrations (2.0 mm per liter) of caleium; (4) discard the prepara- 
tion in favor of a new one if it proves unsuitable. The sensitivity 
in the upper ranges may also be improved by lowering the tem- 
perature at which observations are made (see discussion of tem- 
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perature). In general, we have found it possible to secure a range 
of sensitivity satisfactory with normal serum except for a period of 
a month or two just before freshly caught frogs are available in the 
spring. During this period the greatest difficulties with the range 
of sensitivity are encountered. 

The difficulty with pressor effects, uncomplicated by difficulty 
with the range of sensitivity, is much more easily overcome. The 
effects of pressor substances so far observed differ from the effect 
of increasing Ca++ mainly in the speed with which the effect is 
produced and in the time necessary for it to disappear. The 
effect of a change in Ca++ concentration is very rapid in both 
directions, the new equilibrium being frequently reached, as above 
observed, by the time the change of solutions is completed. On 
the other hand, the maximum effect of a pressor substance may 
be obtained only after 2 or 3 minutes, and wears off very gradually 
when the pressor substance is removed. When in the course of an 
observation the effect of a pressor substance is seen, it is necessary 
only to wait until it reaches its maximum and then to proceed 
with comparisons at the new level. That this procedure is valid 
has been shown by experiments in which adrenalin has been added 
to artificially prepared solutions. 

Subject to these limitations, reasonably satisfactory readings 
may be obtained with serum, and more satisfactory observations 
with cerebrospinal fluid and other protein-free or protein-poor 
fluids. The validity of the method in the case of serum has 
necessarily been based largely upon the collateral evidence ob- 
tained in investigations the results of which are to be published in 
detail shortly. 


Sensitivity 


Within its particular range every heart examined has been sen- 
sitive to changes in Ca++ concentrations. In the lower ranges a 
change of 0.1 mm per liter in Ca++ concentration may result in a 
change of 10 mm. or more in the height of the record, but as 
the upper limit of the range of sensitivity is approached, the same 
change in Ca++ concentration may produce a change of not more 
than 2 to 3 mm. in the record. Under favorable conditions and 
with Ca++ concentrations at about 1.0 mm per liter, the sensitivity, 
and hence the theoretical accuracy of the method, is to within 
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+0.1 mm per liter of Ca**, this sensitivity increasing with lower 
concentrations, so that there is a sensitivity and theoretical 
accuracy of +10 per cent over the available range. Under the 
most favorable conditions, involving the use of solutions of identical 
composition except for Ca*+* concentration, a sensitivity to differ- 
ences of Ca** concentrations of 0.025 mm per liter, or 1 mg. per 
liter, has been demonstrated, as is shown in Table III. 

















Tasie III 
Estimations of Ca*++ in Solutions with Composition Unknown to Observer 
Ca** (= total Ca) present Ca** estimated Difference 
: mm per l. | mM per l. mM per l. 
0.925 0.900 —0.025 
0.675 0.700 +0.025 
0.825 0.825 
0.625 0.600 —0.025 
0.775 0.800 +0.025 
0.560 0.575 +0.015 
Temperature 


From the standpoint of the preparation the most satisfactory 
range of temperature is from 15-25°. Our observations have 
been made, as a rule, at room temperature, ordinarily between 22- 
25°. As the temperature rises above 25° the upper limit of the 
range of sensitivity tends to fall, and at about 30-32° the heart 
usually stops beating. At 15°, although the rate is slowed, the 
sensitivity in the upper ranges is usually increased. 

The conditions governing ionization of calcium in serum or 
solutions containing protein are complex, and Ca++ concentrations 
observed at 25° can at best be considered only an approximation 
of those at 38°. Observations on undiluted serum at 15° have 
indicated Ca++ concentrations of 0.1 to 0.15 mm per liter higher 
than at 25°. The question of a temperature correction which 
may more accurately represent the conditions at 38° must remain 
open for the present. 


Variations in Solutions of Reference 


The solutions of reference described above are, as stated, based 
upon the average inorganic composition of the biological fluids 
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with which they are compared. Their composition represents 
our best judgment at the present time, based upon careful studies 
of the effects of varying each constituent independently, and it 
would appear that the use of these standard solutions of reference 
does not, under ordinary conditions, introduce errors of more 
than 0.1 mo per liter in the estimation of Ca++ in biological fluids 
of approximately normal inorganic composition. 

It must be noted, however, that the amplitude of contraction 
of the frog’s heart may change in response to the variation, in its 
nutrient fluid, of inorganic constituents other than calcium, 
and the effects of such variations are accordingly briefly noted. 

Varying NaHCO; at Constant CO, Pressure—Variations in 
NaHCO; sufficient to vary the pH between 7.35 and 7.6 when all 
solutions are saturated with the same CO,-O, mixture produce 
no appreciable effect. 

Varying CO, Pressure—With artificially prepared solutions, 
loss of CO, after saturation, sufficient to raise the pH to about 7.6, 
has no appreciable effect. It is therefore unnecessary to take 
elaborate precautions to avoid loss of CO, from the solutions of 
reference. 

With artificially prepared solutions and with cerebrospinal 
fluid, reduction in pH below 7.35 by saturation with CO, is accom- 
panied by reduction in amplitude of the contraction of the heart. 
Between pH 7.35 and 7.6 there is no appreciable change. Within 
the range of pH usually encountered, therefore, the reaction of the 
fluid to be examined may be regarded as relatively unimportant. 
The same is true in the case of serum and other protein-containing 
fluids. 

Magnesium—Mg** has an effect similar to that of Ca++, but 
much weaker. The effect of 1.0 mm per liter of Mg** is generally 
less than that of 0.05 mm per liter of Ca++. We have usually 
omitted magnesium from the solutions of reference. 

Phosphates—Phosphates, in amounts up to 2.0 ma per liter, are 
without appreciable effect upon amplitude of contraction. In 
solutions containing 1.0 mm per liter of calcium, and more than 
1.0 mo per liter of phosphate, a precipitate of Ca;(PO,)2 is apt 
to be formed. We have usually omitted phosphates from the 
solutions of reference. 

Potassium—The action of potassium is in part antagonistic to 
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the action of Ca++. The effect upon amplitude of contraction is 
variable. In general it may be said that a change of 1.0 mm per 
liter in potassium concentration may produce a change in ampli- 
tude of contraction, varying from no change to a change less than 
that produced by a change of 0.1 mm per liter of Ca++, but in the 
opposite direction. 

Anions—In conformity with studies involving other biological 
material, the common anions appear to be without significant 
specific ion effects. In the case of the standard solutions of refer- 
ence, variation in the proportion of Cl- and HCO;~ is without 
effect, and other monovalent anions such as NO;~ may be intro- 
duced without any change in the amplitude of contraction. 

Isotonicity, Ionic Strength, and Sodium—aAs has been shown by 
various workers, substitution of isotonic sugar solutions for part 
of the NaCl content of the nutrient fluid, with other conditions 
remaining thesame, causes an increase in the height of contraction 
of the frog’s heart, or an effect similar to that produced by an in- 
crease in Ca++ concentration. The substitution of an isotonic sugar 
solution for NaCl, while maintaining isotonicity, reduces the 
ionic strength of the solution as well as its NaCl content, and the 
increased contraction of the heart may therefore be due either to 
removal of sodium or to reduction in ionic strength, or to both. 
Clark (9) has shown that the effect is not due to a specific effect 
of sugar. 

If the ionic strength and NaCl content of asolution are diminished 
by dilution with distilled water, still another factor is introduced, 
that of anisotonicity. The effect of changing from a solution 
isotonic with 0.9 per cent NaCl to one isotonic with 0.65 per cent 
NaCl is similar to the effect described above; i.e., it appears to 
enhance the action of Ca++.’ The effect of anisotonicity, however, 
has as yet not been separated from the effects of varying sodium 
content and ionic strength. 

For the purposes of estimating Ca++ concentrations from their 
physiological activity, it is essential that ionic strength and sodium 
content be approximately equal in the known and unknown 
solutions, and that the solutions be isotonic. 


SUMMARY 


A method for the estimation of calcium ion concentration, in 
which the isolated heart of the frog is used as a biological indicator, 
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is described. The method is applicable to any solution or biologi- 
cal fluid capable of sustaining the action of the frog’s heart, pro- 
vided that the concentration of calcium ions is within the range of 
sensitivity of the heart, and in the absence of a satisfactory 
chemical method for direct determination of calcium ion concen- 
trations has proved useful in a number of chemical, physiological, 
and clinical problems. 
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Since the postulation by Greenwald (1) of a citrate-like substance 
in blood, capable of holding calcium in a non-ionized form, the 
behavior of calcium in the presence of citrate has received con- 
siderable attention from investigators primarily interested in the 
state of calcium in the living organism. The subject has also 
assumed considerable importance in the field of the chemistry of 
milk. ° 

The hypothesis that citrate forms a complex ion with calcium, 
invoked by Sabbatani (2) in 1901 to explain the effect of citrate 
in preventing the coagulation of blood, has received support from 
the work of Shear and Kramer (3), Shear, Kramer, and Resnikoff 
(4), Greenberg and Greenberg (5), Hastings, Murray, and Sendroy 
(6), Clark, Percival, and Stewart (7), Shelling and Maslow (8), 
Peretti (9), Minot, Dodd, and Bryan (10), Mulli and Standenath 
(11), and others. On the other hand, Salant and Hecht (12) and 
Salant and Swanson (13) failed to find support for this hypothesis 
in certain biological experiments. 

Previous investigations have failed to lead to definite conclu- 
sions as to the nature of the reaction occurring between calcium 
and citrate in solution, and have furnished insufficient informa- 
tion for a quantitative analysis of this reaction, owing chiefly to 
the fact that no satisfactory method for the direct observation of 
calcium ion concentrations has been available. A new approach 


*A preliminary communication concerning the ionization of calcium 
citrate has been published previously (Mcbean, F. C., Hastings, A. B., 
Eichelberger, L., and Hall, J. L., Proc. Soc. Exp. Biol. and Med., 30, 1136 
(1932-33)). 

This work was aided by a grant from the Josiah Macy, Jr., Foundation. 
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to the problem was made possible by the introduction of such a 
method by two of the authors (14) and the present paper includes 
the results obtained by this method, coupled with corroborative 
evidence secured by indirect methods, both in the hands of the 
authors and of others. 


Symbols 


In addition to the usual chemical symbols, the following are 
employed in this paper. 
[] = concentration, in moles per kilo of H,O 
uw = ionic strength 
p = negative logarithm 
Cit” = trivalent citrate ion, CsH,O;" 
CaCit- = negatively charged calcium citrate complex ion, CaCgH,0;- 


Theoretical 


The hypothesis which this paper seeks to substantiate may be 
stated as follows: 

Calcium citrate, Ca;Cit,, tonizes in two stages. The primary 
dissociation may be represented by the following equation: 


(1) Ca;Cite = Ca(CaCit), — Cat* + 2CaCit- - 

This dissociation appears to be complete, or very nearly complete, 
in dilute solutions, in accordance with the theory of strong elec- 
trolytes. For this to be true the concentration of Ca++ in any 
dilute solution of Ca,Cits; must be equal to, or greater than, one- 


third of the total calcium present; or, to state the more general 
case for varying mixtures of calcium and citrate, 


(2) Total Ca — Ca++ = total citrate 


These conditions have been found to be fulfilled. 
The secondary dissociation may be represented by the equation 


(3) CaCit- = Ca++ + Cit™ 


This dissociation is incomplete, and is that of a weak electrolyte. 
The mass law equation for this dissociation may be written 


(4)! ([Ca*++] x [Cit™])/[CaCit-] = K 





1 It will be noted that [Ca++] includes Ca++ derived not only from the 
secondary dissociation of CaCit~, but also from the primary dissociation 
(Equation 1) and from any other calcium salt in the solution. 
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or in logarithmic form 
(5) pCa*+ + pCit™ — pCaCit- = PKeacit- 


Proof of the correctness of this hypothesis rests upon the 
finding of constant values for pKo,ci:-. Other hypotheses as to 
the nature of the combination of calcium with citrate, and of its 
ionization, which we have examined, were inconsistent with this 
finding. 

Determination of pKo,c;- depends upon the possibility of 
securing data concerning the concentration of Catt, Cit™, and 
CaCit- in varying mixtures of calcium and of citrate. With 
total calcium and Ca*+ concentrations known, CaCit- may be 
calculated by difference. At reactions above pH 7.0, the citrate 
in solution may be regarded as being entirely in the form of Cit™ or 
its salts (15). With total citrate and CaCit- known, Cit™ con- 
centrations may be obtained by difference. The determination of 
pPKe,ci-, therefore, can be made to depend upon determination 
of the concentrations of total calcium, total citrate, and Catt. 

By substituting ((total Ca]—[Ca**]) for [CaCit~] and ((total 
Cit] —[total Ca] + [Ca**]) for [Cit™] Equation 4 takes the form 


[Ca++] x ([total Cit] — [total Ca] + [Ca**]) — 
((Total Ca] — |Ca**]) 





(6) 


If we solve for [Ca**], 


(7) 
[Ca++] = 





/ 4K {total Ca] + ({total Cit] — [total Ca] + K)? — [total Cit] + [total Ca) — K 
2 





It will be noted that in the above equations stoichiometric 
designations have been used throughout. It appears probable 
that Ca++ values obtained by the methods used are stoichiometric, 
and this assumption is followed when values of CaCit~ and Cit™ 
are determined by difference, the values for total calcium and 
total citrate being stoichiometric. The methods used for esti- 
mation of Ca++ concentrations also imply that the salts CaCl, and 
Ca(HCOs;)2 may be regarded as completely dissociated. Proof 
to the contrary would require correction of the values for Cat+* in 
the presence of citrate, and a corresponding change in the values 


for PK cacit-- 
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Determinations of the constant pKo,c;- have been carried 
out in solutions of approximately constant ionic strength and 
varying calcium and citrate concentrations. The constant has 
also been determined, with a lesser degree of accuracy, for the 
similar combinations of magnesium and strontium with citrate. 


EXPERIMENTAL 
Methods 


Total Calcium—Total calcium has been determined by the 
method of Kramer and Tisdall (16) as modified by Clark and Col- 
lip (17). In the case of solutions used in the direct method for 
Cat+ estimations, reliance has been put on stock calcium solutions 
accurately standardized by gravimetric analysis and accurately 
diluted, the Kramer and Tisdall method being used as a check 
against contamination with calcium from other sources or loss of 
calcium by precipitation. 

Total Citrate—The citrate content of the solutions was deter- 
mined by a gasometric method with the Van Slyke and Neill (18) 
manometric apparatus. It was found that oxidation in the cold 
with 0.1N KMn0, in strongly acid solution gave a constant amount 
of CO, per mole of citrate. For the conditions of our analyses, 4.62 
moles of CO, per mole of citrate were obtained. This is in sub- 
stantial agreement with the results obtained by Kuyper (19) using 
the same method. Gasometric determinations on sodium citrate 
solutions were checked from time to time by gravimetric sodium 
determinations. For the solutions used for direct estimation of 
Cat* reliance was put on accurately standardized stock solutions, 
accurately diluted. 

Carbon Dioxride—CO, analyses were made with the Van Slyke 
and Neill manometric gas apparatus. 

Hydrogen Ion Concentration—The pH of solutions was deter- 
mined colorimetrically, with phenol red as indicator and bicolor 
standards. These were checked against phosphate buffers which 
had been standardized electrometrically. 

Sodium—Sodium was determined gravimetrically by the Butler 
and Tuthill method (20). 

Chlorides—Chlorides were determined gravimetrically, by pre- 
cipitation as AgCl. 
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Calcium Ions. Direct Method—The method is that described by 
McLean and Hastings (14) and consists essentially in the direct 
comparison and matching of known solutions with solutions of 
similar composition, but with unknown Ca++ concentrations, the 
criterion for equal Ca*+* concentration being an identical response 
of the amplitude of contraction of the ventricle of the isolated 
heart of the frog, as recorded on a drum. 

Equilibration with Solid CaCO;—The solutions used in this 
series were isotonic with mammalian plasma and had an ionic 
strength of approximately » 0.160, NaCl being replaced in the 
solutions by varying amounts of isotonic sodium citrate solutions. 

The solutions were brought into equilibrium with gas composed 
of 5.5 per cent CO, and 94.5 per cent O., and solid CaCO; was 
added (approximately 1 gm. per 100 cc.). Equilibration in 
closed vessels was then carried out in a water bath at 38°, after 
which the solid phase was removed by centrifugation and the 
supernatant liquid analyzed for total citrate, total calcium, COr, 
and pH. 

By bringing solutions containing varying amounts of citrate 
into equilibrium with solid CaCO; at a fixed CO, tension the Cat* 
concentration could be calculated from the relation 


(8) [Ca**] X [COs] = Ks.p.c.o9, = 4.0 X 10 at u 0.160 


the value for the constant being that found by Hastings, Murray, 
and Sendroy (6). 

To determine the Ca++ concentration by this method two 
criteria must be satisfied: (1) equilibrium between the liquid and 
solid phases must be established; (2) the concentration of CO;" 
must be known. , 

1. Starting with no calcium in solution, we found that equi- 
librium was reached within 1 hour. Longer equilibration up 
to 31 hours did not alter the amount of CaCO; dissolved. This 
equilibrium was not altered by changing the solid phase during 
the equilibration. Much time and effort were spent trying to 
reach equilibrium in citrate-containing solutions which were 
originally supersaturated with CaCOs;, before it was found that 
this is impossible within a reasonable length of time. Solutions 
equilibrated for a month remained definitely supersaturated. 
Experiments on the solubility of CaCO; in citrate-containing 
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solutions are therefore definitely limited to solutions initially under- 
saturated with respect to CaCQOs. 

It may be noted in passing that it is well known that the pres- 
ence of small amounts of certain chemical substances in solution 
results in delaying equilibrium between supersaturated solutions 
of salts and their corresponding solid phases. A systematic study 
of this phenomenon, which is obviously of biological importance, 
is now being carried out, between calcium salts and solutions con- 
taining substances which are present in biological fluids and which 
delay equilibrium. 

2. The CO;~ concentration was calculated from the pH and 
CO, content, by the constants and tables of Hastings, Murray, 
and Sendroy (6). 


Numerical Value of pKeacix- by the Frog Heart Method 


From the earliest experiments it was found possible, with given 
standard solutions of CaCl, and Na;Cit, to determine values for 
PKe,ci-» by use of the frog heart method, within a limit of 
error of approximately +0.02, which indicates a high degree of 
accuracy for the frog heart method under the conditions of these 
experiments. In the accompanying paper (14) it was pointed 
out that the method is most accurate with solutions of which 
the composition can be accurately controlled, and in a series of 
six solutions with the calcium concentrations unknown to the 
observer the maximum error was 0.025 mm per liter and the 
average deviation +0.019 mm per liter. 

Solutions containing citrate provide equally favorable condi- 
tions for observations by this method. There are no interfering 
pressor effects, such as are seen in the use of biological fluids. A 
favorable range can be chosen, and with a particularly sensitive 
preparation Ca++ concentrations can be estimated to within 
0.02 to 0.03 mm per liter. In the series of thirty-eight observa- 
tions used in arriving at the numerical value of pKeaci- (Fig. 1) 
the maximum deviation of observed from calculated Ca++ con- 
centration was 0.07 mm per liter and the average deviation +0.014 
mo per liter. In aseries of 87 observations a deviation as large as 
0.10 ma per liter has been encountered only once. 

All determinations of pKeaci:- by the frog heart method were 
carried out under the following conditions. 
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Temperature—This was room temperature, usually 22-23°. 
No change in values for pKc,ci,- could be demonstrated by vary- 
ing the temperature from 15-25°, and solutions of equal physio- 
logical activity with respect to the frog’s heart at 25° were also of 
equal activity with respect to the rabbit’s heart at 38°, indicating 
that between 15-38° the influence of temperature upon the ioniza- 
tion of calcium citrate is small. 

The hydrogen ion concentration was approximately 7.4. 

Ionic Strength, Osmotic Pressure, and Sodium Content of Solutions 
—All solutions used were isotonic with mammalian plasma. 
The standard solutions of reference had an ionic strength of u 0.154 
tou 0.155, and a sodium content of approximately 0.146 mole per 
liter. With the replacement of sodium chloride by isotonic 
citrate and calcium solutions, the ionic strength rises, owing to 
the effect of the divalent and trivalent ions. For this reason, 
determination of the constant pKc,ci.- was carried out at calcium 
concentrations not to exceed 4.0 mm per liter. Under these 
conditions the sodium content of the unknown solutions varied 
from 0.146 to 0.148 mole per liter, and the ionic strength from 
pw 0.155 to » 0.163. 


Standard Solutions 


An error of 1 per cent in the concentration of citrate in the 
solutions leads to an error of approximately 0.01 in the value of 
PKeacit-- The error in the constant introduced by an error 
in the calcium concentration is slightly less, owing to the fact 
that the same stock solutions are used in the known and unknown 
solutions. Solutions of sodium citrate may gradually change 
slightly with respect to their capacity to bind calcium, without 
change in the yield of CO, on gasometric analysis. For example, 
stock solutions of sodium citrate and calcium chloride which gave 
a value of 3.22 for pKe,cit- on September 20, 1933, gave a value of 
3.15 on December 18, 1933, after standing at room temperature 
during the intervening time, indicating a loss of about 7 per 
cent in calcium-binding power. Gasometric analysis showed no 
change in yield of CO,. The same solution of calcium chloride, 
with a fresh solution of citrate, again gave a value of 3.22 for 
PKe,cit-- This change has not been further investigated. 

It was regarded as desirable to determine the value for pKggcit- 
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as accurately as possible by the frog heart method, by careful 
control of the standard solutions. To this end the following 
standard solutions were prepared, and used while fresh, and only 
the results so obtained have been taken into account in arriving 
at the value of the constant. 

Calcium Chloride. Solution A—A solution of CaCl, c.P., was 
made up to approximately 110 ma per liter. On analysis 114.4 mm 
per liter (macrogravimetric) of Ca and 226.2 mm per liter (macro- 
gravimetric) of Cl were found. A probabie value of 114.4 mm 
per liter for Ca was adopted. 


TaBLe [| 
Determination of pKcacit- by the Frog Heart Method 
Stock solutions: CaCl, (Solution B) and Na;Cit (Solution Y). 





Ca** Calculated from observed Ca** 





Solution Total 
No. Total Ca citrate 


Caleu- | Ob- | Differ- | oni no | 
lated | served ence CaCit Cit | PK cacit- 





ma perl.| ma perl. |ma perl.jmat perl.| mm perl. |ma per l.|ma per l. 
2.00 1.64 | 0.98 | 1.00 | +0.02/| 1.00 | 0.64 3.19 
3.00 3.24 | 0.99 | 1.00 | +0.01 | 2.00 | 1.24 3.21 
4.00 4.63 | 1.06 | 1.05 —0.01 | 2.95 | 1.68 3.23 


one 


4 2.00 2.13 | 0.79 | 0.80 | +0.01 | 1 0.93 3.21 
3.00 3.89 | 0.79 | 0.80 | +0.01 | 2.20 | 1.69 3.21 
6 4.00 5.42 | 0.84 | 0.85 | +0.01 | 3 2.27 3.21 


o 


2.00 2.79 | 0.605 | 0.625 | +0.02 | 1.375 | 1.415 | 3.19 
3.00 4.59 | 0.64 | 0.65 | +0.01 | 2.35 | 2.24 3.21 
4.00 6.68 | 0.62 | 0.65 | +0.03 | 3.35 | 3.33 3.19 


coon 





























Solution B—Pure calcium carbonate (calcite) was dried to 
constant weight. 2.0014 gm. of this substance (20.0 mm) were 
dissolved in a slight excess of HCl, the excess of HCl was neutra- 
lized with NaOH, and the whole diluted to 200 cc. with distilled 
water. On analysis (macrogravimetric), 99.85 mm per liter of 
Ca were found. A probable value of 100.0 mm per liter for Ca 
was adopted. 

Sodium Citrate. Solution X—A solution of trisodium citrate 
was made up to approximately 77 ma per liter. On analysis 75.0 
mo per liter (gasometric) of citrate and 219.0 mo per liter (macro- 
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gravimetric) of Na were found. A probable value of 73.0 mm 
per liter for citrate was adopted. 

Solution Y—A solution of citric acid (c.p.) was titrated with 0.5 
n NaOH until the end-point with phenol red showed complete 
neutralization of the citric acid (pH 7.0). Sufficient water was 
then added to dilute the Na concentration to 231 mm per liter. 
On analysis 75.7 mm per liter (gasometric) of citrate and 229.0 
mm per liter (macrogravimetric) of Na were found. A probable 
value of 76.0 mo per liter for citrate was adopted. 





IS caci,(B):Na,cit Y) 
BY caCci,(8):Nacit 0 
BB caci, (ayna,cit™ 
[] caci, (A; Na,citX) 
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Fig. 1. Distribution of values found for pKcacit- by the frog heart 
method. 


The standard calcium and citrate solutions were then paired 
and pKeaci- was determined by the frog heart method. A 
typical protocol is shown in Table I. 

The distribution of values found for pKe,ci- by the frog heart 
method in the series of four experiments with the above standard 
solutions is shown in Fig. 1. Calculation from these values, by 
averaging the values for K, gives a mean value of 3.215 + standard 
deviation 0.018 for pKeaci-. In order to avoid introducing an 
insignificant figure into the constant, this has been rounded off, 
and a value of 3.22 + 0.025 adopted for pKe,ci- under the con- 
ditions of temperature, pH, and ionic strength as described. 
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The mean values for pKe,cix- obtained from different experi- 
ments show a slight variation. For example, the mean value 
for pKe,cit- from CaCl, (A) and Na;Cit (X), as shown in Fig. 1, 
is 3.22, while the corresponding value from CaCl, (B) and Na;Cit 
(X) is 3.20. The difference corresponds, under the conditions of 
these experiments, to an average deviation of 0.02 mm per liter in 
observed Ca++ concentrations, is within the limit of accuracy as 
arrived at for the constant, and is attributed to experimental error. 
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Fig. 2. Nomogram for calculation of Ca** concentration from total 
calcium and total citrate. Solid lines indicate the area experimentally 
verified. 


With pKe,ci:- known, Ca++ may be calculated from total Ca 
and total citrate (Equation 7). Fig. 2 is a Cartesian nomogram 
prepared to facilitate this calculation, the value of 3.22 being 
taken for pKo,cit-- 

The nomogram is most easily constructed with the aid of its 
general regression equation 


++ i 
[Cat+*] X [total Cit] + [Cat+] 





(9) [Total Ca] = 


[(Cat*] + K 
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which is obtained by solving Equation 6 for [total Ca], and from 
which the slope of iso-Cat+*+ lines is readily calculated. 

As noted above, values for Ca++ concentrations observed by the 
frog heart method agree very closely (average deviation +0.014 
mm per liter) with those calculated by use of the nomogram, pro- 
vided that the calcium and citrate concentrations are accurately 
known (+0.5 per cent). 


TaBLe II 


Equilibration of Solutions Containing Citrate with CaCO; 
Temperature, 38°; time, 30 hours. 


















































Determined values Ca** Calculated values* 
=| g 
B. | Be 3 
° 3 ot po & 
Zz e | &§ | 38 | 38 g 8 2 
. 5 = — = e = 
§ sla laeldle| ele : 
2 ga | qa = 5 S % 
2/2/Siel/el/seieial|s | sia] ¥ 
™M mM mM mM mM ™M mM mM mM 
perl.| perl.| perl.| perl. | perl. | perl perl. | perl. | perl. 
1 7.37/24.03| 1.34) 1.51) 0.59 | 0.46 |—0.13) 0.086) 0.88 | 0.63) 3.48 
4 7.48/23.59| 1.04) 1.65) 0.39 | 0.36 |—0.03) 0.110) 0.68 | 0.97) 3.29 
3 7.34/26.01) 2.17) 3.49) 0.53 | 0.46 |—0.07) 0.087! 1.71 | 1.78) 3.32 
2 7.27|25.10) 2.46) 3.68) 0.61 | 0.57 |—0.04| 0.070) 1.89 | 1.79) 3.27 
5 7.42|26.76| 2.85) 6.09) 0.40 | 0.37 |—0.03) 0.108) 2.48 | 3.61) 3.27 
6 7.52/28.02| 3.23) 7.52) 0.37 | 0.28 |—0.09) 0.144) 2.95 | 4.57) 3.36 
7 7.48/27.81| 3.15) 8.09) 0.32 | 0.31 |—0.01) 0.130) 2.84 | 5.25) 3.24 
NR ea ats Lech te, 6 vidios kik hen aide 3.31 





* Assuming Ca** as calculated from Equation 8. 


PK eaciu- As Determined by Equilibration Experiments 

The values for pKe,ci- as determined by equilibration experi- 
ments with CaCO; as the solid phase are shown in Table II. 

It will be noted from Table II that the concentrations of Ca++ 
as calculated from the solubility product of CaCO; (Equation 8) 
are slightly lower than those calculated from the mass law rela- 
tionship between calcium and citrate (Equation 7). 

This results in the value for pKeaci- being slightly higher, as 
determined by the equilibration method, than that determined 
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by the frog heart method (3.31 as compared with 3.22). Con- 
sidering the fact that the two values were obtained by totally 
different methods, and at different temperatures, and that the dif- 
ference depends upon very small differences in Ca*+*+ concentra- 
tions, as arrived at by different methods of calculation, the authors 
are not inclined to attach significance to the difference between 
the two values. 


Specificity of the Frog Heart Method 


Agreement of the values for pKe,ci,- found by the frog heart 
method with those found by equilibration experiments indicates 
also that the frog heart is unaffected by CaCit~ or by Cit™ in the 
concentrations found in our solutions, since if it were sensitive to 
these constituents the results by the two methods could not be in 
agreement. 

Additional evidence to the same effect is found in the observa- 
tion that solutions containing total calcium concentrations up to 
30.0 mm per liter and correspondingly high citrate concentrations 
(+40.0 mm per liter) are found to be physiologically isoactive with 
solutions containing, for example, 1.0 mm per liter of calcium and 
without citrate. Such a solution gives a value for pKo,ci- of 
about 3.32, on the assumption that its Ca++ concentration is the 
same as that of the solution without citrate with which it is iso- 
active, and it is assumed that this slight change in pKoycit- is 
due to the known effect of the increased ionic strength (u +0.200) 
upon the physiological activity of Cat+. A solution containing 
30 mm per liter of total calcium, isoactive with 1.0 mm per liter 
of Ca++, must contain not less than 29.0 mm per liter of calcium 
in combination with citrate (CaCit~), and a high concentration 
(+11.0 mm) of Cit=. It seems apparent that these ions, even 
in these high concentrations, are exerting no appreciable effect 
upon the heart, since any assumption to the contrary cannot be 
reconciled with approximately constant values for pKcacit- or with 
physiological isoactivity with solutions of low Ca++ concentration. 

It is therefore concluded that in these experiments the frog heart 
method is specific for Ca++, and that CaCit~ and Cit™ are inert 
with respect to the preparation. 
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PK ygcie- by the Frog Heart Method 


That magnesium forms with citrate a compound resembling 
that of calcium with citrate, and with a degree of dissociation of 
the same order of magnitude, is apparent from the conductivity 
measurements of Mulli and Standenath (11). 

It was found possible to utilize the frog heart method for indirect 
determination of pKy,ci:-. Mgt* up to concentrations of 5.0 
ma per liter has a very slight effect upon the amplitude of con- 
traction of the frog’s heart. When, however, magnesium was added 
to solutions containing both calcium and citrate, a marked increase 
in amplitude of contraction occurred. This effect was attributed 
to the combination of magnesium with citrate, thereby liberating 
Catt, 

On the basis of this hypothesis the calculation of pKy,cix- was 
carried out. Solutions of known total magnesium, total calcium, 
and total citrate were prepared and their Ca++ concentrations were 
estimated by the frog heart method. The following equations 
were used. 


(10) CaCit- = total Ca — Cat+ 

(11) pCit™ = pKcacit- — pCat*+ + pCaCit~ 
(12) Cit= = — antilog pCit™ 

(13) MgCit- = total Cit — CaCit- — Cit™ 
(14) Mg++ = “ Mg — MgCit- 

(15) pKugcit- = pMg** + pCit™ — pMgCit- 


After these calculations were found to give approximately con- 
stant values for pKy,ci:-, each experiment was planned to give 
approximately equal values for Mg++ in the unknown solutions, 
and a concentration of MgCl, equivalent to the calculated Mg++ 
concentration in the unknown.solutions was added to the standard 
known solutions. The protocol of a typical experiment is given 
in Table ITI. 

It is not to be expected that the method will yield values for 
PKy,cir- of such a high degree of constancy as those for pKo,ci-; 
owing to the fact that a small error in the observed Ca++ concen- 
trations introduces a large error in the value for pKygci-. Fig. 
3 shows the results of all observations made with Mg++ concentra- 
tions compensated for in the standard solutions. Averaging the 
values for K gives a mean value of 3.25 + standard deviation 0.19 
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for pKy,ci-- It appears that this value is indistinguishable from 
that of pKe,ci-, on the basis of these experiments, and we have 
consequently adopted 3.22 as the value for both constants. 


TABLE III 
Determination of pKugcit- by the Frog Heart Method 


The standard solutions of reference contained 2.5 mm per liter of MgCl. 
PKcacit- for solutions used = 3.23. 
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1 1.04 | 3.00 | 0.90 | 0.90 | 0.14 | 0.09 | 0.67 3.50 

2 1.30 | 3.75 | 2.04 | 0.86 | 0.44 | 0.30 | 1.30 | 2.45 | 3.25 | 0.85 
3 1.57 | 4.50 | 3.20 | 0.86 | 0.71 | 0.49 | 2.00 | 2.50 | 3.21 | 0.85 
4 2.09 | 6.00 | 5.50 | 0.86 | 1.23 | 0.84 | 3.43 | 2.57 | 3.20 | 0.86 
5 2.61 | 7.50 | 7.84 | 0.89 | 1.72 | 1.14 | 4.98 | 2.52 | 3.24 | 0.89 
6 3.13 10.10 0.89 | 2.24 | 1.48 | 6.38 | 2.62 | 3.22 | 0.90 
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Fig. 3. Distribution of values found for pKmgcit- by the frog heart 
method. 


Calculation of Ca++ Concentrations in Mixtures of Calcium, 
Magnesium, and Citrate 


With identical values for pKeycit- and pKy,cit-, and with both 
calcium and magnesium in equilibrium with Cit™, a mass law 
equation may be written as follows: 


([Cat*] + [Mg**]) x [Cit™) _ iy sn 





(16) 


({CaCit-] + [MgCit-]) 
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({Cat+*+] + [Mg**]) may be calculated from Equation 7, or from 
the nomogram (Fig. 2), by substituting ([Ca++] + [Mgtt]) for 
[Ca++] and ([total Ca] + [total Mg]) for [total Ca]. Since in any 
mixture of calcium, magnesium, and citrate, Ca++ and Mgt* will 
be present in the same proportions as total calcium and total 
magnesium, 


total Ca 
total Ca + total Mg 





(17) [Ca**] x ([Cat*] + [Mg**]) 

The final column of Table III includes Ca++ concentrations 
calculated by this method, for comparison with observed values. 
Mg** concentrations may, of course, be similarly calculated. 


Strontium Experiments 


As has been shown by Ringer (21) and others, strontium is 
capable of replacing calcium in solutions used for maintaining 
the contractions of the isolated heart of the frog. It was there- 
fore a simple matter, first, to determine that strontium is bound 
by citrate in a manner similar to that of the binding of calcium, 
and second, to determine pKg,ci-, the determinations of Sr++ 
concentration being made by the same method as that described 
for calcium, but with strontium substituted for calcium in the 
solutions. One precaution, however, had to be observed. SrCOs, 
being less soluble than CaCOs, precipitates rapidly from the van 
Dyke-Hastings solution. The final observations on strontium 
were therefore made on solutions (known and unknown) contain- 
ingno HCO; ions. A value of 2.70 + standard deviation 0.06 was 
obtained for pKg,ci,-, but this must be regarded as a first approxi- 
mation oniy: 


C orroborative Evidence 


Biological Experiments—Clark, Percival, and Stewart (7) have 
made quantitative determinations of the effect of varying concentra- 
tions of calcium and of citrate upon the frog’s heart, using another 
method of recording physiological activity. Their preparations, 
once standardized, were assumed, under the conditions of their 
experiments, to remain constant in reactivity throughout a series 
of observations, an assumption which we have found to hold only 
approximately true. From their data they have estimated the 
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composition of various mixtures of calcium and citrate which 
should be physiologically isoactive, but appear to have made no 
direct comparisons as a test of their conclusions. 

We have tested solutions made up on the basis of their calcula- 
tions, and have found them to be only approximately isoactive, 
the deviation in each case being as predicted from our mass law 
equation. We have also calculated pKo,ci.- from their data, and 
find, after exclusion of three calculated isoactive solutions,’ values 
from 3.23 to 3.82, with a mean of 3.51 + standard deviation 0.23. 

Salant and Hecht (12) studied the influence of citrate on iso- 
lated mammalian and frog hearts. They demonstrated a depress- 
ing effect upon the amplitude of contraction of the heart, but 
came to the conclusion that “the theory that the action is due to 
the formation of non-ionized calcium salts is... untenable for 
calcium . . . citrate can be utilized by the heart.” 

This conclusion was apparently based upon experiments in which 
the calcium of Locke’s solution, used for perfusion of the isolated 
heart of the cat, was replaced by an equal concentration of calcium 
in the form of Ca;Cite, and in which a relatively slight effect upon 
the amplitude of contraction was observed. The authors do not 
state the concentration of calcium used in their Locke’s solution, 
but if we assume that they used 0.024 per cent CaCls, as used 
by Locke, this would correspond to 2.16 mm of calcium per liter. 
An equal concentration of calcium in the form of Ca;Cite would 
give a concentration of 1.44 mm per liter of citrate. From the 
nomographic chart (Fig. 2) it will be seen that this combination 
of calcium and citrate concentrations will result in a Ca** con- 
centration of 1.15 mm per liter. This concentration of Ca** is 
near the upper limit of the range of sensitivity of the mam- 
malian heart to changes in Ca++ concentration, and the failure of 
the heart to respond more strikingly to a change in concentration 
of Ca++ from 2.16 to 1.15 mm per liter was apparently due to 
the fact that the heart was relatively insensitive in this range. 

Electrodialysis—Greenberg and Greenberg (5) have carried out 
electrodialysis experiments on serum and on ultrafiltrates from 
serum, and have found that when relatively large concentrations 
-of sodium citrate are added part of the calcium migrates to the 


2 Two of these gave values that could not be used in our equations. 
The third (4.24) was excluded as outside the range of probability. 
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anode compartment, indicating that part of the calcium is present 
in the form of a complex, negatively charged ion. 

Conductivity Measurements—Conductivity measurements on 
solutions containing varying proportions of calcium and citrate, 
together with other ions, have been made by Shear and Kramer 
(3), Shear, Kramer, and Resnikoff (4), and Mulli and Standenath 
(11). The results show a marked deviation from the conductivity 
predicted on the assumption of simple mixtures of these substances, 
and lead to the conclusion that complex calcium citrate ions or 
molecules are formed in the solutions. 

Wiley (22) has made conductivity measurements upon solu- 
tions containing only Ca;Cit,. Table IV includes the results of 
his observations, to which have been added our calculations of 
equivalent conductivities on the basis of the ions calculated to be 
present in the solutions, with a value of 3.22 for pKeaci-. The 
approximate constancy of these equivalent conductivities sup- 
ports our hypothesis as to the ionization of Ca;Cite. 


SUMMARY 


1. When calcium and citrate are present in solution, a part of 
the calcium present is bound in a complex, negatively charged ion. 

2. The conditions found in such solutions may be described by 
the mass law equation ((Ca*+*+] & [Cit™])/[CaCit-] = K. Or, in 
logarithmic form, pCa*+*+ + pCit™ — pCaCit- = pKeycit-. 

3. At 22°, pH 7.4, and total ionic strength of u 0.155 to u 0.163, a 
value of 3.22 + 0.025 for pKo,ci- has been found. 

4. The primary dissociation of calcium citrate may be expressed 
as Ca(CaCit), = Ca++ + 2CaCit-. Under the theory of strong 
electrolytes, this dissociation may be considered to be complete. 

5. The secondary dissociation of calcium citrate may be written 
as CaCit~ = Cat*+ 4+ Cit®. 

6. A probable structural formula for Ca;Cit, is suggested. 

7. The dissociation of magnesium citrate resembles that of 
calcium citrate. By an indirect method a value of approximately 
3.22 for pKygcit- has been derived. 

8. The dissociation of strontium citrate resembles that of calcium 
and magnesium citrates. A value of 2.70 + 0.06 for pKg,ci- has 
been found as a first approximation. 

9. The frog’s heart is insensitive to CaCit~ and Cit™. 
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CONCLUSIONS 


A value of 3.22 + 0.025 has been derived for the constant 
pPKeacit- = PCa*+ + pCit= — pCaCit-. The use of this con- 
stant as a means of predicting observed Ca++ concentrations in 
varying mixtures of calcium and of citrate, and the failure of any 
other hypothesis to fit the observed facts are regarded as sufficient 
proof of the correctness of the hypothesis advanced at the begin- 
ning of this paper. 

The evidence presented throws some light upon the probable 
structural formula of calcium citrate. Since the evidence is in 
favor of dissociation in two steps only, the first step being the 
complete dissociation of a strong electrolyte, and the second step 
the partial dissociation of a weak electrolyte, the following is 
offered as the most probable structural formula. 


) ) 
4 \ 
HsC—C—-0—Ca—0O—C—CH: 
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This conception of the structure of calcium citrate may have 
some bearing on the nature of the combination of calcium with 
other substances having spatially neighboring pairs of carboxyl 
groups. 
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THE FATE OF DULCITOL AND DULCITAN IN THE 
ANIMAL BODY 


By C. JELLEFF CARR* anp JOHN C. KRANTZ, Jr. 


(From the Department of Pharmacology, School of Medicine, University of 
Maryland, Baltimore) 


(Received for publication, July 9, 1934) 


Recently the authors (with Musser and Schmidt (1)) reported 
a series of investigations concerned with the metabolism of manni- 
tol and mannitan. The results obtained were deemed sufficiently 
interesting to warrant the study of the corresponding isomers 
dulcitol and dulcitan. 

In 1850 Laurent (2) showed that the mannite of Madagascar 
manna was actually an isomer of mannitol and he named it 
dulcitol. Bouchardat (3) synthesized dulcitol in 1871 by reducing 
galactose with sodium amalgam. Although the metabolism of 
mannitol has been rather extensively studied, the biological work 
reported on dulcitol is confined mainly to its bacteriological 
applications. 

Materials Employed—Pfanstiehl’s c.p. dulcitol, m.p. 188°, free 
from galactose was used throughout the investigation. The 
dulcitan was prepared from dulcitol by Berthelot’s method (4). 
This consists essentially of heating dulcitol for several hours in 
a sealed tube and extracting the residue with dehydrated alcohol 
which dissolves the dulcitan and not the dulcitol. The com- 
pound occurs as a clear, slightly yellow, viscid syrup. Analysis 
gave the following composition. 


Calculated, C 43.87, H 7.37; found, C 43.79, H 7.20 





* Emerson Fellow in Pharmacology. 
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The following structures indicate the assumed relationship 
between the two compounds. 


CH: - OH CH: - OH 
H—C—OH H—C—OH 
HO—C—H naire am 
HO—C—H HO—C—H 
O 


H—C—OH | H—C—OH 
| 
CH: - OH \— ——CH, 


Dulcitol Dulcitan 


Glycogen Storage in Livers of White Rats—Animals were fed 
mixtures containing 33 per cent of dulcitol and dulcitan respec- 
tively mixed with a basal diet of cacao-butter. The procedure 
has been employed previously (1). The results of these experi- 
ments are shown in Table I. 

Tissue Glycogen—The influence of dulcitol and dulcitan on the 
storage of tissue glycogen was studied. The feeding procedure 
is the same as that employed in the liver glycogen experiments. 
The analytical method has been described previously. With the 
rats fed dulcitol (twenty-six experiments) the average percentage 
of tissue glycogen was 0.08, with a minimum of 0.05 per cent and 
a maximum of 0.13 per cent. With those rats fed dulcitan (thir- 
teen experiments) the average percentage of tissue glycogen was 
0.07, with a minimum of 0.01 per cent and a maximum of 0.12 
per cent. 

Respiratory Quotients—The gaseous exchange of white rats 
under the influence of dulcitol and dulcitan was studied. With 
certain minor modifications, Haldane’s open circuit apparatus (5) 
was employed. The experiments were run over 2} hour periods. 
No correction was made for the nitrogen content of the urine. 
The details of the procedure have been described previously (1). 
These determinations were made between 10 a.m. and 4 p.m. 
according to the suggestion of Horst et al.,(6). The average 
respiratory quotient of the fasting rats was 0.724 (ten experi- 
ments) with a minimum of 0.676 and a maximum of 0.765. After 
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these animals were fed dulcitol, the average respiratory quotient 
was 0.706 with a minimum of 0.676 and a maximum of 0.745. 


TasB_e I 
Glycogen Storage with Dulcitol and Dulcitan in Livers of White Rats 



























































Food ingested : Food ingested & 
6 3 S 3 8 
ak e/e3/2/6& eis 
3 % Type 3 5 $ 3 Type 3 S 
£ 6 =I S 2 ° | B 
oO Zz < 4 ro) Zz < a 
om. | ont om. | ont 
1 | 2 | Cacao-butter| 12.5) 0.09) 1 2 | Cacao-butter|12.3 | 0.30 
i's 14.1} 0.36) 2 2 and dulci-/21.0 | 0.42 
31.3 12.4) 0.03) 3 2 tol 19.2 | 0.63 
4/2 10.5) 0.11) 4 2 21.0 | 0.34 
§| 2 17.5) 0.12) 5 2 22.8 | 0.51 
6| 2 8.2) 0.24) 6 2 13.1 | 0.68 
7 2 15.0 | 0.20 
8 1 6.0 | 0.50 
9 2 16.8 | 1.15 
10 2 19.1 | 0.15 
| 11 2 17.7 | 0.46 
Average ....................| 0.16] Average 49 
1 | 2 | Cacao-butter| 10.2} 0.33) 1 | 1 | Dulcitol by | 1.25) 0.37 
ei ad and dulci- | 17.7; 0.05) 2 1 stomach 1.25) 0.17 
3; 1 tan 4.5) 0.32) 3 1 tube 1.25) 0.30 
4*; 1 3.9 4 1 1.25) 0.26 
S:.% 12.0 5 1 1.25) 0.91 
6] 1 14.4 6 1 1.25) 0.86 
7} 1 7.5) 7 1 1.25} 1.35 
8/1 10.8} 
9; 1 7.8 
10 | 1 7.8 oe 
11 1 9.9 Average ............+....+.+./ 0.60 




















* Determinations in Groups 4 to 11 inclusive showed less than 0.01 per 
cent of glycogen. 


In a second series of rats the average fasting respiratory quotient 
was 0.729 (ten experiments) with a minimum of 0.696 and a 
maximum of 0.756. After these animals were fed dulcitan the 
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average respiratory quotient was 0.708 with a minimum of 0.685 
and a maximum of 0.740. 

Insulin Shock—The combating of insulin shock by various car- 
bohydrates has been investigated by Noble and Macleod (7) and 
Voegtlin et al. (8). In a previous communication (1) the authors 
showed that neither mannitol nor mannitan would afford protec- 
tion against insulin shock. In fifteen experiments dulcitol and 
in twenty-one experiments dulcitan failed to protect against 
insulin shock when injected intraperitoneally into mice. The 
procedure employed has been described previously (1). 

Acute Toxicity—The authors observed that mannitol and 
mannitan killed by respiratory paralysis in doses of 1.3 gm. per 
100 gm. of rat when administered by stomach tube. In five 














TaBLeE II 
Blood Sugar Level. Summary of Results. Water Control, Dulcitol, and 
Dulcitan 
Mg. per 100 cc. blood 
Fasting | } hr. 1 hr. 2 hrs. 3 hrs. 
Water, 2 experiments..............| 88 101 112 115 126 
Dulcitol, 5 experiments...........| 87 98 103 108 110 
Dulcitan, 6 rs eee ae | 96 107 112 108 





experiments with dulcitol and six experiments with dulcitan this 
quantity of compound manifested no toxic symptoms beyond a 
mild diarrhea. Larger quantities were not employed. 

Blood Sugar Level—Mannitol produced a slight but significant 
rise in the blood sugar level. Mannitan did not exhibit this 
capacity. The effect of dulcitol and dulcitan on the blood sugar 
level of fasting rabbits was determined when administered by 
stomach tube in doses of 2 and 4 gm. per kilo. The technique 
has been described previously (1). A summary of these results 
is shown in Table II. 


DISCUSSION 


The data assembled indicate that dulcitol and dulcitan when 
ingested tend to reduce the tissue glycogen of rats. This reduction 
is approximately 60 per cent of the control value. Dulcitol, like 
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mannitol, yet to a lesser degree, gives rise to additional glycogen 
storage in the livers of white rats. On the other hand dulcitan, 
like mannitan, tends to deplete the liver glycogen. Neither dul- 
citol, nor dulcitan, when administered by stomach tube, raises the 
respiratory quotient of the rat. Mannitan, however, significantly 
raises the respiratory quotient under the same experimental 
conditions. 

The toxicity of mannitan is greater than that of dulcitan; 
furthermore its capacity to mabilize tissue glycogen was shown 
to be more marked. The authors are of the opinion that with 
mannitan the catabolism of the newly mobilized glycogen was 
responsible for the increase in respiratory quotient, whereas with 
dulcitan this condition did not obtain, at least not to so great 
a degree. 

Blood sugar studies indicate the failure to convert either com- 
pound into reducing substances in the blood of rabbits, and the 
recovery of large quantities of each of the compounds in the urine 
indicates the inability of the white rat effectively to metabolize 
either dulcitol or dulcitan. 

The fasting rats whose respiratory quotients were determined 
consumed on the average 0.177 gm. of oxygen per 100 gm. of rat 
per hour. After dulcitol this increased to 0.194 gm., an increase 
of 9.6 per cent. An increase of similar magnitude was observed 
after dulcitan. Mannitol and mannitan decreased the oxygen 
consumption, the latter to the extent of 20 per cent. These 
facts, along with the toxicity determinations, seem to indicate 
that dulcitol and dulcitan under the conditions of the experiments 
are devoid of the respiratory depression properties exhibited by 
mannitol and mannitan. 


SUMMARY 


1. The removal of 1 molecule of water from dulcitol with the 
formation of its anhydride dulcitan destroys the capacity of the 
former compound to be stored as glycogen in the liver of white 
rats. Each tends to reduce tissue glycogen storage. 

2. Neither dulcitol nor dulcitan affects the respiratory quotient 
of white rats. 

3. Neither dulcitol nor dulcitan is effective in relieving insulin 
shock. 
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4. Neither dulcitol nor dulcitan significantly raises the blood 
sugar of rabbits when administered orally. 
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THE CHEMISTRY OF HUMAN EPIDERMIS 


I. AMINO ACID CONTENT OF THE STRATUM CORNEUM AND 
ITS COMPARISON TO OTHER HUMAN KERATINS 


By VERNON A. WILKERSON 


(From the Department of Biochemistry, Howard University Medical 
School, Washington) 


(Received for publication, June 5, 1934) 


Recently information has been presented concerning the close 
chemical relationship of the proteins of many ectodermal tissues. 
It has become increasingly clear that the keratins of these struc- 
tures have a similar molecular pattern and may be tentatively 
defined as proteins which are resistant to digestion by pepsin and 
trypsin, which are insoluble in dilute acids, dilute alkalies, water, 
and inorganic solvents, and which on acid hydrolysis yield such 
quantities of histidine, lysine, and arginine that the approximate 
molecular ratios of these amino acids are respectively 1:4:12 
(Block and Vickery, 1931). It was significant that in these stud- 
ies, which included among other keratins human hair and finger 
nails, no data concerning human epidermis were presented. Since 
histologically the nails and hair are considered as specialized and 
highly keratinized appendages of the epidermis, an analysis of 
this tissue might afford another chemical confirmation of the course 
of development. 

The material analyzed consisted of the layer of epidermis known 
as the stratum corneum. It was obtained from a patient having 
a subacute inflammatory condition of the skin diagnosed as derma- 
titis exfoliativa, a disease characterized by an abundant flaky 
desquamation of the upper two-thirds of the stratum corneum. 
Normally the cells of this area are dead, extremely desiccated, and 
partially keratinized but desquamation is so imperceptible as to 
make impossible the collection of a sample adequate for study. 


EXPERIMENTAL 
Preparation of Samples—The skin was washed in six changes of 
distilled water, air-dried, and extracted successively with acetone, 
377 
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alcohol, and ether according to the method of extraction and dry- 
ing of biological materials as outlined by Wilkerson and Gortner 
(1932). 

From 30 gm. of skin so prepared 1 gm. samples (duplicates) were 
taken for ash and 0.05 gm. portions (triplicates) for total nitrogen 
determination. All calculations were made upon the ash-free 
basis. 

Determination of Cystine, Tyrosine, and Tryptophane—A number 
of colorimetric methods have been proposed for the estimation of 
cystine, tyrosine, and tryptophane and their merits have been 
carefully considered. Although most of the tests are not abso- 
lutely specific for these individual amino acids, they have, how- 
ever, proved expedient and useful in their determination in various 
protein hydrolysates. 1 gm. samples (duplicates) were used for 
the estimation of cystine according to the Folin-Marenzi technique 
(1929). Corrections were made for the amount of cystine ab- 
sorbed by norit during the decolorization of the hydrolysate. Ty- 
rosine and tryptophane were determined on 1 gm. (duplicate) 
samples by the colorimetric procedure of Folin and Ciocalteu 
(1927). 

Distribution of Nitrogen—0.5 gm. samples (duplicates) were used 
for the determination of acid-soluble humin, amide ammonia 
nitrogen, total nitrogen of the bases, and total nitrogen of the fil- 
trate by Cavett’s (1932) modification of Van Slyke’s nitrogen dis- 
tribution method. Because of the well known difficulty of obtain- 
ing trustworthy results in the partition of the bases by Van Slyke’s 
method the customary procedures on the phosphotungstic acid 
precipitate were not followed. Instead, however, the bases were 
isolated, a procedure which is known to give more accurate results. 

Determination of Bases by Means of Their Silver Salts—Hydroly- 
sis was effected by boiling 5 gm. of skin with 50 cc. of 20 per cent 
hydrochloric acid for 24 hours, after which, in general, Vickery 
and Block’s (1931) modification of Vickery and Leavenworth’s 
(1928) procedures was followed along with certain changes as ad- 
vocated by Calvery (1929). Considerable difficulty was encoun- 
tered in obtaining an excess of silver ion with silver sulfate. The 
solution was saturated with silver sulfate and then a small amount 
of silver nitrate was added to obtain the required excess of silver 
ion. Wherever possible, loss of material was guarded against by 
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testing washings of precipitates by appropriate color reactions. In 
this way the importance of keeping the solution acid when adding 
silver oxide and in making the solution distinctly alkaline to 
phenolphthalein when precipitating the arginine silver salt was 
strongly appreciated. 

Of the purified histidine fraction (50 ce. in all) 1 ec. was diluted 
to 50 ec., of which 1 ce. aliquots were used for colorimetric histidine 
determination by the Hanke and Koessler method (1920). 5 
cc. aliquots were used for total nitrogen determinations and the 
remainder was used for the isolation of the diflavianate. The 
Congo red-methy! orange standard was checked against pure his- 
tidine dihydrochloride and the appropriate corrections were made. 

The main lysine fraction was treated according to the customary 
procedures and the lysine was precipitated as the picrate. The 
salt was recrystallized from a minimum of water and properly cor- 
rected for solubility (0.54 gm. of picrate per 100 cc. of mother 
liquor). The explosion point of the picrate was 261°. 


DISCUSSION 


The stratum corneum of the human epitheleum was found to 
contain 15.09 per cent total nitrogen calculated on the ash-free 
basis. (See Table I, A.) 

The nitrogen had the following distribution: 2.11 per cent acid- 
soluble humin nitrogen, 3.60 per cent amide ammonia nitrogen, 
36.31 per cent precipitated by phosphotungstic acid, and 58.44 per 
cent remaining in the filtrate from the precipitated bases. 

The amount of cystine in these analyses of the stratum corneum 
of the epitheleum was 2.31 per cent. This was much less than has 
been reported in human nails (Sullivan and Hess, 1932) and con- 
siderably less than the average amount found in human hair. 
Wilson and Lewis (1927) reported similar figures for cystine in 
human skin. Whether their analysis referred to the skin proper 
which consists of the epidermis, the corneum, and the subcutane- 
ous connective tissue, or the epidermis which is composed of the 
stratum mucosum, stratum granulosum, stratum lucidum, and 
the stratum corneum, or only the stratum corneum, could not be 
determined. 

Tyrosine and tryptophane constituted respectively 5.70 and 
1.49 per cent of the dry ash-free weight. 
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The proportions of basic amino acids yielded by the stratum 
corneum of the epidermis after acid hydrolysis were found to be 
histidine 0.59 per cent, lysine 3.08 per cent, and arginine 10.01 per 
cent. The molecular ratios of these amino acids were, in the 
order given, 1:5.6:15.1, or approximately 1:6: 15. 

The results obtained in human epidermis with respect to the 
basic amino acids roughly classify the substance as a keratin ac- 
cording to the definition previously given. There has also been 


TABLE | 
Per Cent Amino Acids in Human Epidermis and Comparison with Other 
Human Keratins 


A 





Total N |HuminN| Amide | Basic | Filttate | ash | TyTo- Thane” | C3stine 





15.09 | 2.11 3.60 36.31 | 58.44; 2.60; 5.70 1.49 | 2.31 





B 





Total N Histidine Lysine Arginine 





Human epidermis (stratum cor- 











ST Nr 0.59 3.08 10.01 
Finger nails (Block, 1934).........| 14.9 0.49 « 2.42 9.3 
Human hair (Vickery and Leaven- 

ee ee 0.5 2.5 8.0 

Ratio 
Epidermis (approximate). ........ 1 6 15 
Hair (approximate)............... 1 5 14 
Finger nails (approximate)........ 1 5 15 
Average (approximate) ratio... ... 1 5 15 














observed a close agreement in the ratio of the basic amino acids of 
the stratum corneum of the epidermis, the human hair, and finger 
nails (Table I, B). 

It seems probable that the morphological alterations by which 
specialized structures are elaborated from primitive tissues are 
accompanied by certain chemical changes. On the other hand, 
the fundamental chemical patterns which are characteristic of the 
non-differentiated tissues are retained, and are useful in identify- 
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ing the highly adapted structure as belonging to a particular basic 
type. During the course of specialization of the nail and hair 
from epidermis, the molecular ratios of histidine, lysine, and ar- 
ginine appear not to have been significantly disturbed. The differ- 
ences that do occur are apparently in the other amino acids. 


SUMMARY 


1. Analysis of the stratum corneum of human epidermis has been 
made. The results of these analyses appear in Table I. 

2. The distribution of the total nitrogen into acid-soluble humin, 
amide, basic nitrogen, and filtrate nitrogen has been reported. 

3. Cystine, tyrosine, and tryptophane have been determined 
directly upon the protein hydrolysates. 

4. Histidine, lysine, and arginine have been determined by 
isolation. The molecular ratio of histidine, lysine, and arginine 
was observed to be 1:5.6:15.1, which is in good agreement with 
the results published by other investigators on human hair and 
finger nails. 

5. The keratins of the human skin and its appendages appar- 
ently contain histidine, lysine, and arginine in the molecular ratio 
of 1:5:15. 
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FURTHER STUDIES ON THE AVAILABILITY OF IRON 
IN BIOLOGICAL MATERIALS* 
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Madison) 


(Received for publication, June 22, 1934) 


It has been shown in earlier papers (1, 2) that with sufficient 
copper the iron of simple inorganic salts is used for hemoglobin 
regeneration in anemic rats much more efficiently than the iron as 
it is found in a number of foods. Several commercial cereal prepa- 
rations as well as whole wheat, oats, and yeast were tested and 
found to produce only slow and incomplete hemoglobin regenera- 
tion in spite of the fact that they were fed at a sufficiently high level 
to insure an adequate total iron intake, and with enough copper to 
make possible the utilization of the iron assimilated for hemoglobin 
synthesis. It was found that the amount of hemoglobin regenera- 
tion resulting from feeding these foods was closely correlated with 
the amount of available iron present as determined by the appli- 
cation of the a,a’-bipyridine reagent. It seemed advisable to ex- 
tend these studies to other important iron-containing foods of 
animal as well as of plant origin. 


EXPERIMENTAL 


In this paper we are presenting results for liver, muscle, blood, 
soy beans, oysters, alfalfa, and spinach. The a,a’-bipyridine 
method was applied to these materials according to the procedure 
described in an earlier paper (1). The results obtained for the 
above food materials are given in Table I. 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 

This research was supported in part by a grant from the Research Funds 
of the University. 
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It was found that in certain animal tissues only a very small 
portion of the iron present reacted with a ,a’-bipyridine when sus- 
pended in the sodium acetate-acetic acid buffer of pH 5 used in 
previous studies. Further investigations showed that the buffer- 
ing systems of these tissues were so strong that their action pre- 
dominated over that of the added buffer. The result was that 
the pH of the tissue suspended in the buffer did not remain at 5, 
but rapidly returned to a nearly neutral reaction which prevented 


TABLE I 


Inorganic Iron Content of Biological Materials As Determined by Bipyridine 
Method with Different Concentrations of Acetic Acid 









































a,a’-Bipyridine analysis 
z| 2).zl/.B/.2/.2 
ede Eee 
mg. mg. | mg. mg mg. mg mg. mg. 
per | per | per | per | per | per | per | per 
gm. | gm. | gm. gm. gm. gm gm. gm. 
Pork liver (fresh).......... 0.19 |0.037/0.096/0. 126/0. 124/0. 137/0. 123/0. 136 
Beef “ ee 0.071/0.018/0.030/0.044/0.052'0.054/0.052/0.056 
Pork heart muscle (dry)... ./0.154/0.124 0. 132/0. 1340. 130 
Beef “ - “« ....10.23 (0.140 0. 157/0. 158/0. 158 
Soy beans (not roasted)..... 0.090/0.055 0.071/0.073/0.075 
“ = — (roasted)........./0.10 |0.046 0.055/0.061/0.060 
Beef skeletal muscle (dry) . .|0.142/0.064 0.074/0.075|0.073 
Oysters (dry)............:.- 0.32 |0.067 0.080/0.080/0 .085 
SN os an dopevan ann 0.47 0.050/0.052 
OES SR ae a Ss 0.132/0.034 0 .036/0 .036/0 .036: 
Mead’s cereal............... (0.050/0.016 0.015|0.017/0.018 0.018 
Northwestern yeast......... 0.43 |0.27 0.28 |0.28 (0.27 |0.27 
EP errrrerreeree 0. 120/0. 125 





the liberation of that portion of the iron in relatively simple chemi- 
cal combination. The effect of increasing the acidity of the sus- 
pension in which the reaction took place was then studied in an 
attempt to determine the conditions which would be optimum for 
the reaction. Acetic acid was used in concentrations ranging from 
2 to 50 per cent by weight. All other conditions of the method 
remained as previously described (1). These results are included 
in Table I. 
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The effect of the increased acidity on the liberation of iron from 
tissues was most pronounced in the case of fresh liver tissue. In 
both pork and beef livers by increasing the acidity to 10 per cent, 
or even to 4 per cent, the amount of iron reacting with a,a’- 
bipyridine was found to be over 3 times as much as reacted in the 
buffer of pH 5. The same effect was observed in beef striated 
muscle and cardiac muscle, but the increased liberation of iron 
with increased acidity was by no means as significant in these tis- 
sues asinliver. In cereals and yeast there was no apparent change 
in the amount of iron liberated by increasing the acidity. The 
results which we have published on the availability of the iron in 
these foods are in no way altered by the slight changes which have 
been made in the bipyridine method. 

A modification of the method devised by McFarlane (3) which 
depends upon the determination of the inorganic iron content of 
the protein-free hydrochloric acid extract of a tissue was also ap- 
plied to biological materials as a check on the a,a’-bipyridine 
analyses. This method was carried out as follows: 

Acid Extraction Method—The finely ground fresh biological ma- 
terial was weighed into a 100 cc. beaker and boiled for 10 minutes 
with 15 ec. of 5 N hydrochloric acid. The solution was cooled and 
the protein precipitated with 20 per cent trichloroacetic acid. 
The protein was removed by filtration, and washed with dilute 
trichloroacetic acid. The filtrate was then boiled with 0.25 ce. 
of 30 per cent hydrogen peroxide and diluted to 50 cc. volume. 
The iron in aliquots from this solution was then determined by the 
thiocyanate-amyl alcohol extraction method. 

All of the materials listed in Table I were analyzed according to 
this procedure. With the exception of oysters, spinach, and alfalfa 
the results so obtained were in close agreement with those by the 
bipyridine analyses. A few typical results showing the agreement 
between these two methods are given in Table II, together with 
the results on oysters, spinach, and alfalfa, which are not in agree- 
ment with the data secured on the other foods. In these cases the 
amount of iron detected by the acid extraction method is about 3 
times as much as by the bipyridine method. It may be that in 
these foods there is a portion of the iron in such firm combination 
that it will not be liberated by the acetic acid, but upon boiling 
with 5 n hydrochloric acid it is readily liberated from its chemical 
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combination. That this cannot be porphyrin-bound iron is shown 
by the analysis of blood. Only 10 per cent of the total iron of 
blood was found to react under the conditions of the acid extrac- 
tion method; this agrees with results secured by the bipyridine 
method. It was impossible to use the buffer solution in connec- 
tion with bipyridine analyses of blood because incomplete hemol- 
ysis took place. However, when 10 and 20 per cent acetic acid 
solutions were employed, complete hemolysis and hematin pre- 
cipitation occurred, so that the supernatant liquid was colorless 
and suitable for bipyridine analysis. 


TaBLe II 
Relation between Inorganic Iron Content of Biological Materials As 
Determined by the Acid Extraction Method and Bipyridine 
Method with 10 Per Cent Acetic Acid 




















Inorganic Fe 
Material Total Fe Acid Movsidies 
“method | (10 per cnt 
mg. per gm. | mg. per gm. | mg. per gm. 
Beef skeletal muscle (dry)............... 0.14 0.075 0.075 
“ heart muscle (dry)................. 0.23 0.17 0.16 
Northwestern yeast......................| 0.48 0.26 0.28 
ED can a Savccs Cede vanes doves 0.47 0.048 0.050 
NING 34 Fats Ss ot wedge ccwdwcbawe 0.32 0.27 0.080 
Ge 5 thai dig saids Ls abs nde Suanwnn soles 0.132 0.09 0.036 
itn bls cued dninengnnaeatnas 0.53 0.45 0.120 





As will be seen later, the results from animal feeding experi- 
ments show that neither oysters, spinach, nor alfalfa furnishes 
sufficient available iron to promote good hemoglobin response 
when fed at a daily level sufficient to furnish 0.3 mg. of total Fe. 
This indicates that in these cases, at least, the acid extraction 
method gives results which are not in agreement with animal ex- 
periments, while the bipyridine analyses give a true indication of 
their hemoglobin-regenerating capacity. 

The results for available iron determined by the a ,a’-bipyridine 
method with 10 per cent acetic acid (on the materials used in the 
feeding experiments) are given in Table III. The values are cal- 


culated for the daily supplement of each food to facilitate the dis- 
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cussion of the results obtained in the animal experiments. It may 
be seen that of the materials tested, liver, heart muscle, and soy 
beans were the only ones to show an availability of over 60 per 
cent. Beef skeletal muscle had an availability of 50 per cent, while 
that of oysters, spinach, alfalfa, and blood was 25 per cent or less. 
Earlier studies on yeast and cereals (1) have shown that only about 
50 per cent of the iron from such sources is available, while 100 
per cent of the iron from various inorganic salts reacts with a ,a’- 
bipyridine. 
Taste III 
Available Iron Determined by Bypyridine Method 




















Material Amount | Total Fe > “we pata d 
gm mg. mg 

Pork liver (dry).............-.+--1 0.@ 0.30 0.20 66 
Beef “ 5 EE aE! ere 1.15 0.30 0.21 70 
Pork heart muscle (dry)........... 1.96 0.30 0.26 86 
Beef “ Fe epitinaiseditescird 1.25 0.30 0.21 70 
“ skeletal muscle (dry)......... 2.11 0.30 0.15 50 
° ” - xe ieepedee 3.57 0.50 0.25 50 
ree ee 0.94 0.30 0.075 25 
Soy beans (roasted)............... 3.0 0.30 0.18 60 
° “  (non-roasted)...........] 3.30 0.30 0.24 80 
ad + oe easeeewe 4.11 0.37 0.30 80 
US Sa Se ER SE Soi pay 0.57 0.30 0.06 20 
* © wipaeeer css <caceves c<ca Oe 1.55 0.30 20 
RSE SE 9 go Se SER See 2.27 0.30 0.08 27 
gE elied oteee pa epee ne ere 0.8 0.30 0.032 10 





Animal Experiments—All animals used were made anemic ac- 
cording to the method of Elvehjem and Kemmerer (4). Since the 
animals raised according to this procedure have very low iron 
stores, they are suitable for studies on availability. The signifi-° 
cance of iron stores has been discussed by Schultze and Elvehjem 
(5) in their studies on reticulocyte response. Unless these stores 
are depleted, the hemoglobin response obtained when a supplement 
is added is largely due to the added copper which makes possible 
the utilization of this iron reserve for hemoglobin formation. 

When the animals’ hemoglobin reached a level between 2 and 3 
gm. per 100 cc. of blood, they were started on the experiment. 
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The iron-containing supplements were added to a small] portion of 
milk each morning. Any remaining supplement was again mois- 
tened with milk at noon to insure its complete consumption. The 
amount of supplement fed depended upon its iron content. Cop- 
per, at a level of 0.05 mg. daily, as copper sulfate was always fed 
with the iron supplement to insure complete utilization of the iron 
absorbed. When ferric chloride was fed, 0.04 mg. of Mn as 
MnCl, -4H,O0 was given daily, so that the growth would be com- 
parable with that obtained on the natural food materials which 


1 





Cuart I. Results showing hemoglobin regeneration on liver, heart 
muscle, and skeletal muscle when supplemented with 0.05 mg. of Cu daily. 
Each curve is constructed from the average figures for six animals. 


supply manganese. Weight records and hemoglobin determina- 
tions were made weekly in the usual way. 

Typical results are given in Chart I. Each curve represents an 
average of results obtained from at least four animals. It may be 
readily seen that the hemoglobin response, obtained when pork 
or beef liver was fed at a level so as to insure a daily intake of 0.3 
mg. of total iron, was nearly as rapid and complete as that obtained 
when the same amount of iron was fed as FeCl;. Pork and beef 
cardiac muscle also produced a complete response in hemoglobin 
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when fed at the same level of iron. Beef skeletal muscle, how- 
ever, produced slow and incomplete hemoglobin regeneration when 
fed at the level of 0.3 mg. of total iron. The results were slightly 
better when the muscle was fed at a higher level so as to insure a 
daily intake of 0.5 mg. of total iron, but the animals in no case 
attained a normal hemoglobin level. At the end of 6 weeks the 
hemoglobin was still about 9 gm. per 100 cc. of blood. These 
responses are as would be expected from the bipyridine analyses, 
which show that a large proportion of the iron of liver and heart 
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Cuart II. Results showing hemoglobin regeneration on spinach, alfalfa, 
and soy beans when supplemented with 0.05 mg. of Cu daily. Each curve 
is constructed from the average figures for six animals. 


muscle is in simple inorganie combination, while in skeletal muscle 
less than half of the iron isso combined. The major portion of the 
iron is firmly bound in combinations which resist digestion. That 
a large portion of the iron of liver is in simple combination is 
shown by the fact that when liver is subjected to peptic digestion 
at 37° for 72 hours at a pH of 2 with HCl and filtered, about 70 per 
cent of the iron is found in the filtrate, and will react directly with 
potassium thiocyanate. 

In Chart II are given the hemoglobin responses obtained when 
spinach, alfalfa, and soy beans served as the sole source of supple- 











390 Fe Availability in Biological Materials 


mental iron. It is apparent that spinach, although a rich source 
of iron, did not bring about complete hemoglobin regeneration 
when fed at a level of 0.3 mg. of total iron daily. However, when 
the intake of spinach was increased to a level that would furnish 
0.3 mg. of available iron daily the regeneration was complete. 
Likewise, alfalfa produced only slight hemoglobin regeneration 
when furnishing daily 0.3 mg. of total iron. However, since it was 
impossible to obtain complete consumption of 2.27 gm. of alfalfa, 
the results in this case are not as truly indicative of the availabil- 
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Cuart III. Results showing the availability of iron in oysters and 
blood, when supplemented with 0.05 mg. of Cu daily. The curve for 
oysters is constructed from the average for four animals, the others from 
the average for six animals. 


ity of the iron as in other cases. An unusually good response was 
obtained with raw soy beans. Nearly complete hemoglobin re- 
generation resulted from feeding soy beans at a daily level of 0.3 
mg. of tofaliron. By slightly increasing the soy bean intake so as 
to feed 0.3 mg. of available iron daily, complete hemoglobin re- 
generation took place. Soy beans which had been roasted at 
149° for 4 hour! also produced rapid hemoglobin regeneration. 
There is some indication that roasting decreases the availability of 
a small portion of the iron in soy beans. 


1 We are indebted to Dr. A. L. Marlatt of the Department of Home 
Economics for a supply of soy beans treated in this manner. 
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Chart III gives typical results for oysters and blood. The 
hemoglobin regeneration brought about by feeding daily 0.3 mg. 
of iron in the form of oysters was slow and incomplete, as would be 
expected from the low available iron content as determined by the 
bipyridine method. Although the iron of hematin is known to 
be unavailable (6) owing to its non-absorption from the intestinal 
tract (7), it seemed advisable to test the availability of organic 
iron compounds in which the iron is present in the ferrous con- 
dition. Such a compound could be had in the form of the hemo- 
globin of blood. Blood was removed from the carotid artery of 
rats, and treated with sodium oxalate to prevent clotting. When 
fed daily to rats, at a 0.3 mg. of total iron level, only very slight 
hemoglobin regeneration resulted. Similar results have been pre- 
viously reported by Lintzel (8), who found that the iron of blood 
was not absorbed from the intestine. Attempts were made to 
determine the availability of the iron in dried apricots and raisins, 
but neither chemical nor animal tests have met with success. 
The pigments are present in such large concentration that their 
color completely masks the red iron-bipyridine color. Further- 
more, the animals had such a strong dislike for the flavor of these 
fruits that it was impossible to feed them at the necessary iron 
level. Food consumption was equally inadequate when the fruits 
were fed dry and when they were mixed with milk. The only 
other difficulty experienced in the bipyridine analyses was in the 
case of dry liver. It was found that in the process of drying, 
brown-colored protein decomposition products formed in the liver 
which masked the red bipyridine coler. This difficulty was com- 
pletely eliminated when the bipyridine analysis was run on fresh 
liver, and then converted to the dry basis from simultaneous mois- 
ture determinations. ' 


DISCUSSION 


The results presented in this paper substantiate our former con- 
clusions (1, 2) that there are marked differences in the availability 
of iron from various food sources and that the availability may be 
determined by assaying the food for inorganic iron. The corre- 
lation between available iron as determined by animal feeding 
and inorganic iron determined by the bipyridine method has been 
established for a sufficient number of foods to allow us to conclude 











392 Fe Availability in Biological Materials 


that the available iron in practically any food can be estimated by 
the bipyridine method, provided the pH is properly adjusted. 

Although our results by animal feeding and by chemical analysis 
have been exceedingly consistent, the values which we have ob- 
tained for certain individual foods do not agree with the values 
published by other workers. In this connection we must em- 
phasize again that in order to study the availability of iron by ani- 
mal feeding, the animals must be depleted of their iron reserves 
and a sufficient amount of copper must be fed to allow maximum 
utilization of the assimilated iron. In all of our work we have 
added copper as copper sulfate along with the source of iron be- 
cause until more is known about the availability of copper in foods, 
it is impossible to rely upon the food material as an adequate 
source. 

The discrepancy between the results we have obtained for foods 
like wheat and liver and those reported by Rose, Vahlteich, and 
MacLeod (9) may be explained by these differences in technique. 
The fact that Rose and coworkers obtained a response of 6 gm. of 
hemoglobin in 6 weeks with 3 gm. of wheat containing 0.1 mg. of 
total iron indicates that their rats required much less iron for unit 
increase in hemoglobin than our rats do. The wheat, according 
to our figures (1) would contain only 0.05 mg. of available iron 
and we (5) have obtained only very meager response with 0.04 to 
0.1 mg. of available iron daily. This difference is undoubtedly due 
to the difference in the methods used for the production of anemia. 

However, the variation in iron requirements of the rats cannot 
explain the results reported for liver and wheat. Our results 
show that about 70 per cent of the iron in liver and about 50 per 
cent of the iron in wheat (1) is available, and yet Rose and Kung 
(10) found it necessary to use twice as much iron in the form of 
liver as of whole wheat to get a given increase in hemoglobin. It 
is entirely possible that livers may vary greatly in available iron, 
as we have shown in the case of rat livers (11), but the results 
are complicated by the fact that the copper was supplied by the 
foods tested. The availability of the iron in liver can be deter- 
mined with certainty only when a known quantity of available 
copper is added. Schultze, Elvehjem, and Hart (12) have shown 
that copper attached to porphyrin cannot be utilized by the ani- 
mal. At present the form of copper in liver or milk is unknown. 
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Thus reliable results can be obtained only when each element is 
studied separately and adequate copper is supplied when iron is 
measured and adequate iron when copper is studied. 

We agree with Rose, Vahlteich, and MacLeod (9) that the chief 
limiting factor in egg yolk appears to be copper (further studies 
on copper in egg yolk will be reported in another paper) but we 
cannot agree that there is some other factor in wheat which makes 
it specially efficient for hemoglobin regeneration. We have been 
unable to find any food which supplies either iron or copper in a 
more efficient form than simple iron and copper salts such as fer- 
ric chloride and copper sulfate. Thus if certain foods or combina- 
tions of foods are less efficient than wheat, this difference must 
be due to the presence in these foods of iron and copper in less 
available form or factors which retard the availability of these 
elements rather than a third factor in the wheat. When we havea 
complete knowledge of the availability of iron and copper in all 
foods we can speak intelligently about the hemoglobin-regenerating 
powers of individual foods as well as entire diets. 


SUMMARY 


1. Studies on the availability of iron have been extended to 
the following materials: liver, cardiac muscle, skeletal muscle, 
oysters, blood, soy beans, spinach, and alfalfa. 

2. Estimation of available iron by means of the a,a’-bipyridine 
method showed an availability of over 60 per cent in beef and pork 
liver, beef and pork cardiac muscle, and soy beans. Beef skeletal 
muscle had an availability of 50 per cent, while that of oysters, 
spinach, alfalfa, and blood was 25 per cent or less. 

3. These values were in- agreement with results obtained by 
the acid extraction method, except for oysters, spinach, and alfalfa, 
in which cases the results with acid extraction were considerably 
higher than with bipyridine. 

4. In all the materials so far tested the hemoglobin regeneration 
in anemic rats was proportional to the amount of available iron 
as determined by the bipyridine method. 
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In the investigation of peptides, the identification of the amino 
acid constituent in which the amino group is free has been accom- 
plished in various ways. The most satisfactory of these consists 
in attaching an acid radical to the amino group and hydrolyzing 
under conditions such that only the peptide linkages are broken. 
Groups suitably resistant to hydrolysis can be furnished by treat- 
ment with phenyl isocyanate (1) or with aromatic sulfochlorides. 
The latter offer the advantage of supplying groups which can 
readily be followed analytically by means of sulfur determinations 
during the separation of the hydrolysis products. The sulfo- 
chloride most commonly employed for this purpose has been 
B-naphthalenesulfochloride (2); benzenesulfochloride, which has 
only once been so used (3), is more convenient, in that it is a liquid 
at ordinary temperatures and is thus particularly adaptable to the 
Schotten-Baumann technique. Moreover, it is somewhat more 
reactive than the higher members of its class; for example, it 
readily enters into reaction with glutathione, which fails to yield 
the analogous derivative on treatment with §-naphthalenesulfo- 
chloride (4) or with p-bromobenzenesulfochloride. 

The hydrolysis of benzenesulfonylated peptides appeared to us 
to warrant further exploitation, especially as it also offers a means 
for directly ascertaining the location of the amino groups in pro- 


* This work was aided by a grant from The Chemical Foundation, Inc. 

t Columbia University Fellow, 1932-34. This report is from a thesis 
submitted by Samuel Gurin in partial fulfilment of the requirements for 
the degree of Doctor of Philosophy in the Faculty of Pure Science, 
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teins. Indirect evidence exists for ascribing these to lysine. 
Deaminized casein, gelatin, and serum globulin upon hydrolysis 
failed to yield lysine (5). Van Slyke (6) observed that over a wide 
range of proteins, one-half of the lysine nitrogen present coincided 
closely with the free amino nitrogen values. Goldschmidt and 
Kinsky (7), working with benzoylated casein and albumin, studied 
the rate of hydrolysis under various conditions, and observed that 
with complete hydrolysis of the protein a simultaneous loss of 
much benzoyl occurred; nevertheless, they were able to isolate 
e-benzoyl-d-lysine from the hydrolysate. Methylation of proteins 
has been reported by numerous investigators, of whom Skraup and 
his collaborators (8) showed that arginine, histidine, and especially 
lysine were attacked by the methylating reagent. Kapfhammer 
(9) fed the hydrolysate of methylated casein to a dog, and isolated 
small amounts of the emonobetaine of lysine from the urine. On 
treating proteins with phenyl isocyanate, 60 to 70 per cent of the 
amino groups react (10); from immunological studies it appears 
probable that the «amino groups of lysine are involved. Various 
proteins have been treated with §-naphthalenesulfochloride (11, 
12) and benzenesulfochloride (12, 13), but no conclusions were 
drawn as to the nature of the amino groups concerned. 

In the present experiments a study has been made of the proper- 
ties of benzenesulfonylated amino acids, and of the rate of hydroly- 
sis of the benzenesulfonamino linkage by hydrolytic reagents. 
Polypeptides were then benzenesulfonylated, subjected to hydroly- 
sis, and the appropriate amino acid derivative isolated. Finally 
gelatin was benzenesulfonylated under appropriate conditions and 
e-benzenesulfonyl-d-lysine isolated from the hydrolysis products 
in yields of 50 per cent. 


Amino Acids and Simple Peptides 

Benzenesulfonyl derivatives of amino acids have long been 
known, notably those of glycine, dl-alanine, d-isoleucine, /-leucine, 
and dl-leucine. Recently Abderhalden (3) has described the 
preparation of dibenzenesulfonyl-l-tyrosine and O-monobenzene- 
sulfonyl-l-tyrosine, and N-benzenesulfonyl-dl-serine. The present 
report includes descriptions of the corresponding derivatives of 
dl-phenylalanine, dl-methionine, and /-histidine. The majority 
of the monoamino acid derivatives crystallize well and are suffi- 
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ciently insoluble in aqueous acid for isolation purposes. A few 
(e.g. glutamic and hydroxyglutamic) crystallize poorly; in such 
cases they may conveniently be converted into their butyl esters, 
which as a rule crystallize readily. Such esters were prepared from 
glycine, dl-alanine, /-leucine, d-glutamic acid, and 7-$-hydroxy- 
glutamic acid. 

Benzenesulfonylated polypeptides also, in general, form crystal- 
line butyl esters which in most cases are far more readily char- 
acterized and purified than the free peptides. Such derivatives 
were prepared from dl-alanylglycine, glycyl-dl-alanine, and 
glycyl-l-leucine. 

Hydrolysis experiments, carried out on benzenesulfonylalanine 
and butyl benzenesulfonylglutamate with hydrochloric acid of 
various concentrations at 90-100°, indicated that the benzene- 
sulfonamino grouping is considerably hydrolyzed by aqueous 
hydrochloric acid. A more suitable reagent was found in aqueous 
formic acid containing small quantities of mineral acids; with 0.3 
per cent HCl in 50 per cent formic acid, peptide linkages are 
completely broken in less than 100 hours at 90-100° without 
appreciable removal of benzenesulfonyl groups. 

Benzenesulfonyl-dl-alanylglycine butyl ester was hydrolyzed 
with 50 per cent formic acid containing 2 equivalents of HCl for 
48 hours at steam bath temperature. Determination of amino 
nitrogen indicated that after 48 hours the peptide link had been 
completely hydrolyzed; benzenesulfonyl-dl-alanine and glycine 
were identified in the reaction mixture. Similarly, benzenesul- 
fonylglycyl-dl-alanine butyl ester yielded benzenesulfonylglycine 
and alanine. 

Glutathione in its oxidized form was converted to the dibenzene- 
sulfonyl derivative. Although the product did not crystallize, 
the analyses were in good agreement with the calculated values. 
Hydrolysis was accomplished by heating at 90—-100° in 50 per cent 
formic acid containing 2 equivalents of HCl for each peptide 
linkage for 48 hours, when the ratio of amino nitrogen to total 
nitrogen was 2:3. The products were converted into the butyl 
esters, and dibutyl benzenesulfonyl-d-glutamate was _ isolated. 
This constitutes a direct confirmation of the location of the free 
amino group in glutathione on the glutamic acid portion of the 
molecule, previously indirectly established by oxidation of gluta- 
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thione with NaOCl, subsequent hydrolysis, and isolation of suc- 
cinic acid (14). 

These results indicate that benzenesulfonamino acid butyl 
esters may be separated from non-benzenesulfonylated amino acid 
ester hydrochlorides by virtue of the selective solubility of the 
former in ether. 


Nature of the Free Amino Groups in Gelatin 


Benzenesulfonylation of gelatin and its subsequent hydrolysis 
were undertaken in an attempt to determine which amino acids 
exist with free amino groups in the intact protein molecule. 
Initial attempts to benzenesulfonylate in presence of pyridine were 
unsuccessful. Complete reaction, however, was obtained with 
benzenesulfochloride by keeping the solution at pH 10 to 11 by 


TaBLe I 
Analytical Values of Gelatin and Benzenesulfonylated Gelatin 
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addition of alkali hydroxide. Under these conditions no benzene- 
sulfonylation of the guanidine grouping present in the constituent 
arginine is likely to have occurred (15), as was borne out by the 
isolation of arginine (as its benzylidene derivative) from the hydro- 
lytic products of benzenesulfonyl gelatin. That the iminazole 
nucleus of the histidine component of the gelatin was essentially 
unaltered during the benzenesulfonylation was indicated by the 
observation that the benzenesulfonyl gelatin gave a Pauly reaction 
as strong as that given by the original gelatin. 

Analytical values are given in Table I for the untreated gelatin, 
benzenesulfonylated gelatin, and for control gelatin which was 
similarly treated with alkali at pH 10 to 11 but without benzene- 
sulfochloride. From these it appears that practically all of the 
amino nitrogen had been benzenesulfonylated, and that 30 per cent 
more sulfur had been introduced than was theoretically necessary. 
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The values for the control indicate that no measurable hydrolysis 
occurs under the conditions of reaction. Glass electrode titra- 
tions of benzenesulfonyl gelatin (Fig. 1) indicate a shift in the 
curve similar to that recorded for deaminized gelatin (16). 

The solubility of the benzenesulfonyl gelatin prepared as above 
differs markedly from that of the original gelatin. It is practically 
insoluble in water over the pH range 2 to 5; above 5 it dissolves 
readily, forming solutions which show no tendency to set to a jelly. 
In 0.1 N HCl at 38° it swells and dissolves slowly. Like gelatin, 
it is insoluble in alcohol. 

The behavior towards enzymes resembles that described by 
Matsumoto (13) for the benzene- and §-naphthalenesulfonyl 
derivatives of gelatin: it is not attacked appreciably by pepsin in 
0.1 n HCl; trypsin at pH 8 to 9 hydrolyzes it, but less rapidly and 
completely than is the case with gelatin. 

Complete hydrolysis of benzenesulfonylated gelatin was accom- 
plished by the use of 50 per cent formic acid containing 2 equiva- 
lents of mineral acid for each atom of nitrogen. A constant ratio 
of 0.67 for amino nitrogen to total nitrogen was reached after 
heating for 72 to 96 hours on a steam bath. The ether-soluble 
fraction of the hydrolysate contained only 0.5 per cent of the 
sulfur originally present, together with 1 to 4 times as many 
equivalents of nitrogen. As this fraction undoubtedly contained 
all benzenesulfonylated monoamino acids present, it is safe to 
conclude that not more than 0.5 per cent of the amino nitrogen 
existing in the original gelatin can be ascribed to monoamino- 
carboxylic acids, and that little or no degradation of the protein 
can have taken place during the benzenesulfonylation. 

By systematic fractionation of the hydrolysate (Flow Sheet 1) 
the sulfur was concentrated in the portion soluble in alcohol; from 
this a crystalline copper salt was isolated in a yield of 50 per cent 
and identified by synthetic methods as that of e-benzenesulfonyl- 
d-lysine. The mother liquors contained proline and sulfur com- 
pounds which failed to crystallize. At least 50 per cent of the free 
amino nitrogen in gelatin is contributed, therefore, by the terminal 
groups of lysine. 

The synthesis of e«-benzenesulfonyl-d-lysine offered unexpected 
difficulties. Lysuric acid, on acid hydrolysis, loses the benzoyl 
group from the a position (17, 18); attempts to obtain a-mono- 
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benzoyllysine by alkaline hydrolysis failed in our hands as in those 
of Karrer and Ehrenstein (19). Acid hydrolysis of dibenzene- 
sulfonyllysine might be expected, in analogy with lysuric acid, 
to yield the desired e-benzenesulfonyllysine, but in this case only 
the a-benzenesulfonyllysine was obtained. The procedure finally 
adopted involved the treatment of e-benzoyllysine with phenyl 
isocyanate and conversion of the resulting phenylureide into the 
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corresponding hydantoin. This was then hydrolyzed, with loss 
of the benzoyl group,'! which was subsequently replaced by ben- 
zenesulfonyl. The benzenesulfonylation product so obtained 
proved identical with the phenylhydantoin of the ebenzene- 
sulfonyllysine secured from the hydrolysate of benzenesulfonylated 
gelatin. A derivative of lysine in which the positions of the 


1 The removal of the benzoyl group, in contrast to the findings of Karrer 
and Ehrenstein (18), offered no difficulty. 
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phenylureido and benzenesulfonyl groups were reversed was also 
synthesized (Flow Sheet 2) and proved to possess entirely dif- 
ferent properties. 


EXPERIMENTAL 


Benzenesulfonyl-dl-Phenylalanine—To a solution of 8.25 gm. of 
dl-phenylalanine in 50 cc. of N NaOH, 26.2 gm. of benzenesulfo- 
chloride, and 200 cc. of N NaOH were added in small quantities 
with vigorous stirring. After 4 to 5 hours the solution was filtered 
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and acidified to Congo red with concentrated HCl; the resulting 
oil crystallized on cooling. A small second crop was secured by 
concentrating the mother liquor to approximately half volume. 
The combined crops were recrystallized from 140 to 150 cc. of hot 


water. Yield, 12.8 gm. (84 per cent) of thin needles, m.p. 
127-128°. 
Analysis—C,;H,,O,NS. Calculated. N 4.59, S 10.49 


Found. 


© 4.68, “ 10.49 
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Dibenzenesulfonyl-l-T yrosine—While this work was in progress, 
Abderhalden and Bahn (3) published a brief description of this 
compound, with which our findings are in good agreement. Yield 
86 per cent; thin bars, m.p. 116°. [a]?! = +16.2° (1 per cent in 
ethyl alcohol). 


Analysis—C2,H,,0;NS:. Calculated. N 3.04, S 13.88 
Found. ** 3.20, “13.75 


The sodium salt forms long needles, sparingly soluble in cold 
water. 


Analysis—C2,H;;0;NS8,Na. Calculated. N 2.89, Ss 13.25, Na 4.76 
Found. ** 2.98, “13.08, “* 5.00 


Benzenesulfonyl-dl-Serine—This compound also was described 
by Abderhalden and Bahn (3). The reaction was carried out in 
potassium carbonate solution. Yield 80 per cent; long, thin 
needles, m.p. 208° with decomposition. 


Analysis—C,H,,0;NS. Calculated. N 5.71, 8 13.06 
Found. ** 5.90, ‘£12.94 


Benzenesulfonyl-dl-Methionine—To a solution of 1.49 gm. of 
dl-methionine (m.p. 278°, prepared according to Barger and 
Weichselbaum (20)) in 10 cc. of N NaOH, 5.25 gm. of benzene- 
sulfochloride and 60 ce. of N NaOH were slowly added with stirring. 
After 4 hours, the solution was filtered and acidified to Congo red. 
The resulting oil, which crystallized on chilling, was recrystallized 
twice from 50 cc. portions of hot water. Yield, 2.32 gm. (80 
per cent) of needles, m.p. 104°. 


Analysis—C,,H,;sO,NS:2. Calculated. N 4.84, S 22.14 
Found. ** 4.70, “‘ 22.25 


Benzenesulfonyl-l-H istidine—To a solution of 1.0 gm. of histidine 
dihydrochloride in 15 cc. of water and 25 cc. of N NaOH, 1.75 gm. 
of benzenesulfochloride and 20 cc. of Nn NaOH were added with 
stirring. After 3 hours the solution was filtered and acidified 
with acetic acid. On long chilling, a colorless solid crystallized 
in hexagonal blocks, and was washed with three 10 cc. portions of 
cold water. After two recrystallizations from 15 cc. portions of 
hot water, 0.195 gm. of long thin bars, soluble in dilute HCl, was 
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obtained. A further 0.392 gm. was obtained from the mother 
liquors. M.p. 236° (decomposition). [a]?? = —27.2° (2 per cent 
in 0.1 n NaOH). 


Analysis—C,,H,;0,N;S. Calculated. N 14.23, S 10.84 
Found. ** 14.08, “ 10.96 


Benzenesulfonylglycine Butyl Ester—2 gm. of benzenesulfonyl- 
glycine (m.p. 165-166°, prepared according to Ihrfelt (21) and 
Hedin (22)) were dissolved in 100 cc. of buty] alcohol; 0.1 cc. of 
concentrated HCl was added, and the solution was distilled, with 
frequent addition of butyl alcohol. Distillation was carried on 
for 3 hours after no more water distilled over. The solution was 
refluxed for 3 hours and concentrated in vacuo, yielding a yellow 
oil. This was dissolved in ether, precipitated with ligroin, and 
recrystallized from ether or ethyl acetate with ligroin. Yield, 
2.33 gm. (94 per cent) of silky needles, m.p. 26—27°. 


Analysis—C,,;H,;0,NS. Calculated. N 5.16, S 11.80 
Found. “ 5.27, “11.72 


Benzenesulfonyl-dl-Alanine Butyl Ester—8 gm. of benzenesul- 
fonyl-dl-alanine, prepared according to Hedin (22) (m.p. 126-127°; 
N, 6.26), was esterified with butyl alcohol as above. The product 
(8.5 gm. of needles, m.p. 113°) is insoluble in petroleum ether. 


Analysis—C,;H:;0,NS. Calculated. N 4.91, 8 11.22 
Found. “ 4.78, 11.30 


Benzenesulfonyl-l-Leucine Butyl Ester—A solution of 1.0 gm. of 
benzenesulfonyl-l-leucine, prepared according to Fischer (23) 
(m.p. 119°), in 50 cc. of butyl.alcohol was treated as above. The 
product separated from petroleum ether in clusters of feathery 
needles, m.p. 50-51°. Yield, 1.0 gm. (85 per cent). [a]?! = 
—16.1° (3 per cent in 95 per cent alcohol). 


Analysis—C,s6H2,0,NS. Calculated. N 4.27, 8 9.78 
Found. “ 4.33, “9.69 


Dibutyl Benzenesulfonyl-d-Glutamate—To a solution of 20 gm. 
of d-glutamic acid in 100 cc. of water and 50 cc. of 25 per cent 
NaOH, 13.8 gm. of benzenesulfochloride were added with stirring. 
After 1 hour, 13.8 gm. of benzenesulfochloride and 20 cc. of 25 
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per cent NaOH were added, and stirring continued for 2 hours 
longer. The solution was then acidified with 50 ce. of concen- 
trated HCl. No precipitate formed; the solution was extracted 
with four 50 ce. portions of butyl alcohol. Esterification was 
carried out as above, and the filtered solution concentrated in 
vacuo. The crystalline residue (needles) was recrystallized from 
hot ligroin. Weight, 54.3 gm.; m.p. 58-59°; yield practically 
quantitative. [a]?? = 0° (5 per cent in ethyl alcohol). 


Analysis—C,,H2,0.NS. Calculated. N 3.51, S 8.03 
Found. ** 3.62, “7.94 


Dibutyl Benzenesulfonyl-i-8-H ydroxyglutamate—To a solution of 
1.0 gm. of synthetic hydroxyglutamic acid hydrochloride (pre- 
pared according to the method of Harington and Randall (24)) in 
15 ce. of water containing 2.1 gm. of potassium carbonate, 1.8 gm. 
of benzenesulfochloride and 1.4 gm. of potassium carbonate were 
added with stirring. After 8 hours the solution was filtered, acidi- 
fied to Congo red, and extracted with four 50 cc. portions of butyl 
alcohol. After esterifying as above and concentrating in vacuo, 
the residual oil solidified on cooling to a crystalline mass. This 
was dissolved in ether (10 to 20 cc.) and precipitated with ligroin. 
The resulting needles were recrystallized from hot ligroin (75 to 
100 cc.). The product is soluble in ether, alcohol, and acetone. 
M.p. 76°. Yield, 1.65 gm. (80 per cent). 


Analysis—C,,3H2;0;NS. Calculated. N 3.37, S 7.71 
Found. “ 3.44, ‘7.60 


When esterification was not carried to completion, a considerable 
portion of the crystalline residue was found to be sparingly soluble 
in ether. This product dissolved readily in a small amount of 
warm acetone; on addition of water or ether the monobutyl ester 
separated in long needles, m.p. 169-170°. 


Analysis—CisH20;NS. Calculated. N 3.90, 8 8.91 
Found. ** 3.85, “* 8.99 


Hydrolysis of Benzenesulfonyl-dl-Alanine—A series of hydrolysis 
experiments was carried out with 2 per cent solutions of benzene- 
sulfonyl-dl-alanine in 5 per cent, 10 per cent, and 15 per cent HCl 
at 90-100°. Total nitrogen was determined on an aliquot, and 
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samples taken out daily for amino nitrogen determination. The 
value before hydrolysis was obtained by dissolving a weighed 
amount in dilute potassium carbonate. The results are recorded 
in Table II. 

Hydrolysis of Dibutyl Benzenesulfonyl-d-Glutamate—A similar 
series (Table III) was run with dibutyl benzenesulfonyl-d-glu- 
tamate in 3 per cent solutions in hydrochloric acid, 88 per cent 


TaBLe II 


Percentage of Nitrogen in Benzenesulfonylalanine Hydrolyzed to Amino Form 
by Aqueous HCl at 90-100° 























Hrs. 5 per cent HCl | 10 per cent HCl 15 per cent HCl 
0 0.9 | 0.9 0.9 

24 2.3 4.6 7.3 

48 2.7 | 5.3 12.6 

72 2.8 5.6 18.5 

96 3.2 em 24.7 

120 3.5 | 9.6 28.0 

TaBLe III 


Percentage of Nitrogen in Dibutyl Benzenesulfonylglutamate Hydrolyzed to 
Amino Form in Various Media at 90-100° 


























50 
per cent 
Hre 5 per cent 10 per cent | 15 per cent | 88 percent | 50 per cent HCOOH 
, HCl HCl HCl HCOOH HCOOH +2 
equivalents 
of HCl 
24 1.9 3.6 4.7 2.4 2.3 2.8 
48 1.9 5.2 8.9 2.8 2.5 2.8 
72 2.1 6.5 14.4 2.9 2.2 2.8 
96 5.5 8.3 18.2 2.7 2.2 2.7 
120 6.0 10.9 24.1 





formic acid, 50 per cent formic acid, and 50 per cent formic acid 
containing 2 equivalents of HCl for each equivalent of dibutyl 
benzenesulfonyl-d-glutamate. 

Benzenesulfonyl-dl-Alanylglycine Butyl Ester—To a solution of 
2 gm. of dl-alanylglycine, prepared according to Fischer and 
Axhausen (25) (m.p. 226-227°; N, 18.99; amino N, 9.73), in 25 ce. 
of water containing 2 gm. of potassium carbonate were added 
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5 gm. of benzenesulfochloride and 4 gm. of potassium carbonate. 
After stirring for 10 hours at 0-5° the mixture was filtered and 
acidified with HCl to Congo red. No precipitate formed after 
several days’ chilling. The solution was extracted with four 50 ce. 
portions of butyl alcohol. The aqueous fraction was concentrated 
to a syrup and extracted with four 50 ce. lots of butyl alcohol. 
The combined butyl! alcohol solution was distilled until the water 
was removed, several crops of potassium benzenesulfonate being 
filtered off during the process. The extract was then boiled for 
3 to 4 hours and concentrated in vacuo; on adding ligroin to the 
residue and chilling, a colorless crystalline precipitate, con- 
taminated with a brown gum, separated. On crystallization from 
hot ligroin it formed tufts of feathery needles, m.p. 76.5°. Yield, 
1.55 gm. (35 per cent). 


Analysis—C,\4H22,0;N,8. Calculated. Cc 52.78, H 6.45, N 8.18, NS] 9.38 
Found. “ 52.45, “ 6.45, “ 8.24, “9.04 


Benzenesulfonylglycyl-dl-Alanine Butyl Ester—To a solution of 
14.7 gm. of glycyl-dl-alanine prepared according to Fischer and 
Schulze (26) (m.p. 228°) in 50 cc. of water containing 13.8 gm. of 
potassium carbonate, 26.4 gm. of benzenesulfochloride and 20.7 gm. 
of potassium carbonate were added slowly with stirring. After 3 
hours the solution was filtered and acidified to Congo red. On 
long standing a semicrystalline mass formed. The entire mix- 
ture was extracted with five 100 ec. portions of butyl alcohol. 
The aqueous fraction was concentrated in vacuo to a syrup and 
extracted several times with butyl alcohol. The combined butyl 
alcohol solution was treated as in the preceding preparation. 
After concentrating in vacuo, the oily residue was dissolved in 
acetone and precipitated with ligroin. The product, on recrystal- 
lization from hot 95 per cent ethyl alcohol, formed lustrous plates, 
m.p. 101°. Yield, 13.19 gm. (38 per cent). 


Analysis—C,;H2,0;N28. Calculated. N 8.18, S 9.35 
Found. * 8.04, “9.19 


Benzenesulfonylglycyl-l-Leucine Butyl Ester—To a cold solution 
of 2 gm. of glycyl-l-leucine, prepared according to Fischer and 
Steingroever (27) (m.p. 241°), in 50 ec. of water containing 2.8 gm. 
of potassium carbonate, 10.5 gm. of benzenesulfochloride and 8.1 
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gm. of potassium carbonate were added. After stirring for 4 
hours, an oily precipitate was obtained on acidifying to Congo red. 
The material was dissolved in 150 cc. of butyl alcohol and esterified 
in the usual manner. The oil obtained after evaporation was dis- 
solved in acetone; on adding petroleum ether, 1.46 gm. (36 per 
cent) of lustrous needles, m.p. 107°, were obtained. 


Analysis—C,sH2s0;N.8. Calculated. N 7.3, 8 8.3 
Found. * 7.1, “8.4 


Hydrolysis of Benzenesulfonyl-dl-Alanylglycine Butyl Ester— 
A suspension of 0.6 gm. of the ester in 50 cc. of 50 per cent formic 
acid containing 0.6 gm. of concentrated hydrochloric acid was 
heated at 90-100° for 48 hours. Aliquots were taken out for 
amino and total nitrogen determination. The sample for the 
former was evaporated in vacuo to dryness, and the residue dis- 
solved in 10 per cent sodium acetate solution; 36 per cent of the 
total nitrogen was found to be in the amino form. 

Another 0.6 gm. of concentrated HCl was added, and heating 
continued for 24 hours longer, when the amino nitrogen had risen 
to 52 per cent. 

The formic acid solution was concentrated in vacuo to dryness 
and the residue extracted with 20 cc. of hot water. On cooling, 
0.107 gm. of benzenesulfonyl-dl-alanine was obtained. M.p. and 
mixed m.p. 125-126°. 

Glycine was identified in the mother liquor in the form of its 
p-toluenesulfonyl derivative, m.p. and mixed m.p. 146-147°. 

Hydrolysis of Benzenesulfonylglycyl-dl-Alanine Butyl Ester—A 
solution of 2 gm. of this ester in 50 cc. of 50 per cent formic acid 
containing 1.2 gm. of concentrated hydrochloric acid was heated 
at 90-100° for 48 hours, when the amino nitrogen value had reached 
53 per cent of the total. 

After evaporating in vacuo to dryness, the colorless, crystalline 
residue was extracted with 50 cc. of cold water. The insoluble 
portion was recrystallized from 20 cc. of hot water, when 0.684 
gm. of benzenesulfonylglycine, m.p. and mixed m.p. 166°, was 
secured. 

The aqueous extract was concentrated in vacuo to dryness and 
esterified with butyl alcohol; from the ether-soluble fraction 0.123 
gm. of benzenesulfonylglycine butyl ester (needles, m.p. 26°; N, 
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5.20; S, 11.65) was obtained by recrystallizing from a mixture of 
ether and petroleum ether. The ether-insoluble fraction, after 
hydrolysis by boiling with 15 per cent hydrochloric acid, was 
treated with p-toluenesulfochloride and alkali, when alanine was 
secured as its p-toluenesulfonyl derivative, m.p. and mixed m.p. 
138-139°. 

Benzenesulfonyl Glutathione (Oxidized Form)—To a solution of 
3.2905 gm. of reduced glutathione in 15 cc. of water containing 
just enough potassium carbonate to make the solution faintly 
alkaline to litmus, a trace of FeSO, was added. Air was bubbled 
through the solution until a negative nitroprusside reaction was 
obtained (8 hours); 1.4 gm. of benzenesulfochloride and 1.4 gm. of 
potassium carbonate were added, and the mixture was stirred for 
48 hours. The alkaline solution was filtered and acidified to 
Congo red. On chilling, a white gelatinous material formed and 
gradually became hard and amorphous. This was filtered off, 
washed with 50 cc. of 0.01 n HCl, and finally with cold water. 
The dry, chloride-free product weighed 1.4875 gm.; m.p. 123°. 
The acid filtrate was buffered with sodium acetate, concentrated 
in vacuo to 25 cc., cooled, again acidified to Congo red, and chilled 
for several days. A second crop of 0.645 gm. was obtained, m.p. 
123°. The mother liquor was made alkaline to litmus with K,CO;, 
and 0.3 gm. of benzenesulfochloride and 0.3 gm. of K,COs were 
added with stirring. After 48 hours stirring, a third crop (0.460 
gm.; m.p. 123°) was obtained upon acidification. No further 
material could be obtained from the mother liquor. The total 
yield of 2.6017 gm. amounted to 55 per cent of the theoretical. 

Analysis— 

CasHwOiNoSs. Calculated. C 43.05, H 4.48, N 9.43, S 14.34 
Found. “42.72, 4.95, “ 9.46, “14.02 


In a parallel experiment with p-bromobenzenesulfochloride no 
acid-insoluble product separated even after long chilling. 

Hydrolysis of Glutathione and Benzenesulfonyl Glutathione—A 
solution of 0.311 gm. of glutathione (reduced form) in 50 ce. of 
50 per cent formic acid containing 0.34 cc. of concentrated HCl 
(2 equivalents per peptide linkage) was heated at 90-100°. Amino 
nitrogen determinations were carried out at intervals in the manner 
described above. At the outset, 46.5 per cent of the nitrogen was 
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in the amino form; after 24 hours this had risen to 81.8 per cent, 
after 96 hours to 95.5 per cent. 

A solfition of 1.0568 gm. of benzenesulfonyl glutathione (disul- 
fide form) in 3.5 ec. of N NaOH was acidified with 58 cc. of 85 per 
cent formic acid and 7.5 cc. of N HCl, and diluted to 100 cc. 
After heating at 90-100° for 72 hours, only 39 per cent of the 
nitrogen was in the amino form; a further 4 cc. of Nn HCl were 
therefore added, and heating continued for 48. hours, when the 
amino nitrogen value was 66 per cent. After a further period of 
24 hours, this had risen to 67.5 per cent. At this point the mixture 
was evaporated to dryness in vacuo, and the residue extracted 
with four 10 ce. portions of butyl alcohol. Esterification was 
conducted as already described, and the product recrystallized 
from hot ligroin. The product, 75 mg. of feathery needles, 
gave satisfactory analytical results for butyl benzenesulfonyl- 
glutamate (N, 3.66; S, 8.18); the melting point (58-59°) was 
unchanged on mixing with an authentic sample prepared from 
d-glutamice acid. 

Benzenesulfonylation of Gelatin—180 gm. of dry Knox’s gelatin 
were dissolved in 1500 cc. of water previously warmed to 50°. 
The clear solution was cooled to 38°, 40 cc. of 20 per cent KOH were 
added dropwise to the vigorously stirred solution, the pH thereby 
rising to 10 to 11; 55 gm. of benzenesulfochloride (4 times the 
amount required for the amino nitrogen content) were slowly 
added, with enough KOH (180 cc. of 20 per cent) to keep the 
reaction mixture at the same pH. After 3 hours stirring, a small 
amount of suspended material was centrifuged off, and the clear 
supernatant liquor acidified with acetic acid to pH 3 to 4. A 
white, sticky coagulum settled out; the supernatant liquid was 
poured into 5 liters of methyl alcohol, yielding nfore insoluble 
material. The combined precipitates were treated with cold 
methyl] alcohol in a continuous extractor for a week. The methyl 
alcohol was poured off, the white gummy mass cut into small 
pieces, and again extracted in a similar manner for another week. 
The product, which was then chloride-free, was dried in vacuo and 
ground into a powder. Yield, 174 gm. It contained 0.6 per cent 
of ash. 

In order to determine the possible extent of degradation during 
the reaction, a control batch of gelatin was similarly treated at 
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the same pH levels, with the omission of benzenesulfochloride. 
After acidification with acetic acid, the solution was poured into 
10 volumes of dry methyl alcohol and extracted as described. 

The analyses for the two preparations are given above. 

Titration Curves of Gelatin and Benzenesulfonylated Gelatin—2.68 
gm. of benzenesulfonylated gelatin were dissolved in 35 cc. of 0.1 
N NaOH and diluted with water to 50 cc. To 5 cc. portions con- 
taining 0.0027 equivalents of nitrogen, 0.1 N HCl was added. 2.5 
gm. of gelatin were similarly dissolved, and 5 cc. portions con- 
taining 0.0027 equivalents of nitrogen used. 
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Fig. 1. Titration curves of gelatin and benzenesulfonylated gelatin 


pH measurements were made at 27.5° with a glass electrode. 
The results are reproduced in Fig. 1. 

Action of Proteolytic Enzymes on Benzenesulfonylated Gelatin—To 
a solution of 2 gm. of benzenesulfonylated gelatin in 50 cc. of 0.04 
Nn NaOH, 1 gm. of trypsin (Kahlbaum) and 25 cc. of 0.1 n NaOH 
were added. The solution, which was alkaline to phenolphthalein, 
was incubated at 38°, and alkalinity was maintained by daily 
additions of alkali. A similar experiment was run with 1.87 gm. of 
gelatin diluted to the same volume. Amino and total nitrogen 
determinations were made on each solution, and the values given 
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in Table IV calculated by difference from the values obtained in a 
control experiment run on trypsin alone. 

1 gm. of benzenesulfonylated gelatin was suspended in 50 cc. 
of 0.1 N HCl and 1 gm. of pepsin (Fairchild) added. Only after 
384 hours incubation at 38° had the material completely dissolved. 
0.932 gm. of gelatin was similarly treated with pepsin, but in this 
case, solution took place rapidly. Pepsin, alone, in the same con- 
centration was run as a control. Calculations were made as 
above. The values reported in Table IV are (amino N/total N) X 
100, and represent in every case the average of two closely con- 
cordant determinations. 

A suspension of 1 gm. of benzenesulfonylated gelatin in 50 cc. 
of 0.1 Nn HCl was incubated at 38° for several weeks until complete 


TaBLe IV 


Formation oy Amino Nitrogen from Benzenesulfonylated Gelatin and Gelatin 
by Trypsin and Pepsin 











Benzenesulfonylated gelatin Gelatin 
Hrs. 
Trypsin Pepsin Trypsin Pepsin 
per cent per cent per cent per cent 
0 0.4 4.0 4.4 
24 8.9 24.4 9.5 
96 22.3 37.6 10.2 
168 22.3 40.7 
384 3.8 

















solution had taken place. The ratio of amino to total nitrogen 
was then 2.2 per cent. 

Hydrolysis and Fractionation of Benzenesulfonylated Gelatin—A 
solution of 25 gm. of benzenesulfonyl gelatin in 500 cc. of 50 per 
cent formic acid containing 25 gm. of H,SO, was heated at 90- 
100°. At the end of 96 hours the biuret test was negative, and the 
amino nitrogen value was 67 per cent of the total nitrogen.2 The 
hydrolysate was evaporated six times in vacuo with repeated 
addition of water. The residual syrup was dissolved in 100 cc. 
of water and shaken with five 50 cc. lots of ether in order to remove 
all benzenesulfonylated monoamino acids. The combined ether 


? The maximum value obtainable by boiling the original gelatin with 
aqueous mineral acid was found to be 68 to 70 per cent. 
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extracts were repeatedly washed with dilute HCl, the ether dis- 
tilled, and the residue (Fraction 1 in Flow Sheet 1) dissolved in 
dilute NaOH for nitrogen and sulfur determinations: N, 4.6 mg.; 
S, 2.5 mg. In asimilar experiment, in which HCl was employed, 
the corresponding fraction contained N, 1.25 mg.; 8, 2.44 mg. 

The aqueous fraction was freed of sulfate with Ba(OH)s, and 
the barium sulfate precipitate washed with boiling water until 
the washings gave a negative ninhydrin test. The combined fil- 
trate (Fraction 2) contained N, 2.98 gm.; 8, 0.495 gm. It was 
concentrated in vacuo to approximately 25 cc., warmed, and treated 
with 75 cc. of absolute alcohol. Upon chilling, a brown, partly 
crystalline precipitate formed; this was centrifuged off, dissolved 
in 10 ce. of warm water, and reprecipitated with 30 cc. of absolute 
alcohol. The precipitate (Fraction 3) contained N, 0.451 gm.; 
8, 0.035 gm. 

The combined 75 per cent alcoholic mother liquor (Fraction 4) 
was evaporated to a syrup, and absolute alcohol (200 cc.) added 
until no further precipitate appeared. After chiliing, the white 
precipitate was filtered off and washed with 50 cc. of absolute 
alcohol. The alcoholic solutions were evaporated to dryness, 
yielding a white crystalline solid containing some yellow gum. 
Four extractions were made with 50 cc. portions of absolute 
alcohol, when the yellow gum dissolved. The insoluble fractions 
were combined (Fraction 5) and extracted five times with 100 ce. 
lots of boiling 95 per cent alcohol. The insoluble material (Frac- 
tion 6) contained N, 1.137 gm.; 8, 0.055 gm. 

The combined hot 95 per cent alcohol extracts on chilling de- 
posited a white crystalline mass which was filtered off and washed 
with 50 cc. of cold 95 per cent alcohol (Fraction 7). It weighed 
0.943 gm. and contained N, 0.139 gm.; 8, 0.006 gm. 

The fraction (No. 8) soluble in cold 95 per cent alcohol weighed 
3.985 gm. and contained N, 0.588 gm.; 8, 0.156 gm. It was dis- 
solved in 500 cc. of water and boiled for 1 hour with excess of copper 
carbonate. The suspension was filtered hot, and the insoluble 
part washed with boiling water until no more blue color was 
extracted. The combined dark blue filtrates were concentrated 
in vacuo to dryness, leaving a pale blue residue contaminated with 
some dark blue material. Three extractions with methyl alcohol 
(three 100 ec. portions) removed most of the latter. The fraction 








a di ch 


nS a OG 24a Rs & fe we 


Se _ — 2 


we we ee 





XUM 


S. Gurin and H. T. Clarke 413 


insoluble in the methyl alcohol was washed with cold water until 
no further color could be extracted. On recrystallization from 
400 ec. of boiling water the residue yielded a pale blue flocculent 
precipitate which on long chilling crystallized in small needles. 
After three recrystallizations from hot water the material was 
dried at 100°. Yield, 0.603 gm. 


Analysis—(Ci2H;s0,N28S),Cu. Calculated. N 8.8, S 10.0, Cu 9.9 
Found. oe. oe ee 


The methyl alcoholic and aqueous mother liquors were com- 
bined and evaporated again to dryness; the residue was pulverized 
under acetone, and again extracted with methyl alcohol and cold 
water. A further crop (0.372 gm.) of the crystalline copper salt 
was obtained, making the total yield 0.975 gm. 

The fraction (No. 9) soluble in absolute alcohol weighed 5.882 
gm. and contained N, 0.735 gm.; 8, 0.247 gm.; NH:-N, 0.198 gm. 
It was dissolved in 75 cc. of hot water, and proline removed by the 
addition of 4.5 gm. of picric acid (as a saturated solution in hot 
alcohol). The alcohol was evaporated off and the clear aqueous 
solution chilled. A small yellow, oily precipitate which formed 
was discarded. The solution was then concentrated to 30 cc.; 
on being chilled it deposited proline picrate as yellow needles 
which after recrystallization from 20 to 30 cc. of hot water weighed 
2.12 gm. and melted at 150°. 

The aqueous mother liquors were combined, strongly acidified 
to Congo red with H,SO,, and picric acid was removed by con- 
tinuous extraction with ether. Sulfate ion was quantitatively 
removed with Ba(OH)s, and the combined filtrates evaporated 
in vacuo to 100 cc. (Fraction 10). This contained S, 0.238 gm.; 
N, 0.480 gm.; NH;-N, 0.152 gm. It was diluted with water to 500 
ec. and boiled with excess CuCO; for 1 hour. The hot filtrate and 
washings were combined, and evaporated in vacuo to dryness 
(Fraction 11). Weight, 3.8 gm. After being thoroughly dried, 
the residue was extracted with three 25 cc. portions of methyl 
alcohol, and the insoluble light blue copper salts were centrifuged 
off, dried, washed with three 15 cc. quantities of cold water, and 
recrystallized from hot water. The methyl alcoholic mother 
liquor was evaporated again to dryness; the residue was dried and 
extracted with three 25 cc. portions of dry methyl alcohol. A 
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second crop of insoluble light blue material was obtained, which 
on washing with cold water and recrystallizing yielded a further 
crop of the crystalline copper salt. The total yield secured in this 
operation thus amounted to 0.861 gm. No further crystalline 
products could be obtained from the filtrates. 

Fraction 6 was extracted with three 50 cc. portions of hot 90 
per cent alcohol, and the combined alcoholic extracts were evapo- 
rated to dryness. The residue was converted into the copper salt, 
of which 0.255 gm. was obtained in pure condition by the process 
described above. 

The grand total of the various crops of copper benzenesulfonyl- 
lysine is thus 2.091 gm. 

Benzylidenearginine—The aqueous mother liquor from Fraction 6 
was freed of copper with H.S, and united with the hot 90 per cent 
alcohol-insoluble Fraction 12, together with Fraction 3. The 
combined solutions were concentrated in vacuo to 25 cc. and 
decolorized with charcoal. The light yellow solution was chilled, 
made slightly alkaline to litmus, and treated with 3.5 cc. of 40 
per cent NaOH, followed by 11.2 cc. of benzaldehyde, added with 
stirring in four portions over a period of 10 minutes. After chilling 
overnight, the precipitated benzylidenearginine was collected and 
washed (28). Yield, 0.462 gm.; m.p. 207°. 

Phenylhydantoin of «-Benzenesulfonyl-d-Lysine from Gelatin— 
e-Benzenesulfonyl-d-lysine could not be obtained in a crystalline 
condition. The copper salt was usually dissolved in 700 to 800 
times its weight of boiling water and decomposed with H,S. 
After removal of CuS and H,S, the filtrate upon evaporation to 
dryness yielded a white amorphous solid, which gave a strongly 
positive ninhydrin test. Attempts to crystallize the product from 
aqueous alcohol, aqueous acetone, concentrated aqueous solution, 
and alcohol-ether mixtures, all failed. 

The phenylhydantoin was therefore prepared as a characteristic 
derivative. A solution of the free acid from 0.6 gm. of the copper 
salt was concentrated in vacuo to approximately 100 cc., chilled, 
made slightly alkaline with 3 cc. of Nn NaOH, and treated with 0.25 
gm. of phenyl isocyanate and 1 cc. of n NaOH with stirring. 
After 30 minutes a small amount of diphenylurea was filtered off, 
and the alkaline solution acidified to Congo red with HCl. A 
colorless oil precipitated; it hardened upon chilling. It was 
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washed with 20 cc. of cold water and covered with 30 to 40 ce. 
of concentrated HCl. The mixture was heated over a free flame 
for a few seconds in order to effect solution, and was then heated 
on a steam bath for 30 minutes, chilled, and treated with an equal 
volume of cold water. A colorless oil separated and soon hardened 
on chilling. The mother liquor was poured off and taken to dry- 
ness in vacuo. The combined solids were dissolved in 75 cc. of 
warm 95 per cent ethyl alcohol, and evaporated to 25 cc. An 
equal volume of water was added; the cloudy suspension deposited 
needles which were recrystallized from 50 per cent ethyl alcohol. 
Weight, 0.415 gm. A second crop weighing 0.190 gm. was ob- 
tained from the combined mother liquors. The melting point, 
138°, was not changed by admixture with a synthetic sample 
(V). The product was insoluble in aqueous sodium bicarbonate. 
[a]?! = —31.4° (1 per cent in 95 per cent alcohol). 


Analysis—C,,H2,0,N;8. Calculated. N 10.85, S 8.26 
Found. “ 10.71, “8.35 


Phenylhydantoin of d-Lysine (IV)—d-Lysuric acid (I) was con- 
verted according to the method of Karrer and Ehrenstein (18), 
by way of e-benzoyl-d-lysine (II; m.p. 238-240°; N, 11.0), into the 
phenylhydantoin of e-benzoyl-d-lysine (III; m.p. 145°; C, 68.52; 
H, 5.94; N, 12.00). A solution of 0.270 gm. of this product in 25 
ec. of concentrated HCI was boiled for 3 hours, cooled, and diluted 
with an equal volume of water. A small amount of benzoic acid 
was filtered off and the filtrate evaporated to dryness in vacuo. 
The residue, after extraction with ether to remove the remaining 
benzoic acid, was dissolved in 10 cc. of water and treated with 
15 ec. of 5 per cent platinic chloride. Pale yellow crystals sepa- 
rated slowly; after long cliilling they were recrystallized twice 
from 25 ec. portions of boiling water, when 0.340 gm. of fine yellow 
needles were obtained. M. p. 210-211° (decomposition). 


Analysis—(C.i3H:s02N3)2PtCls. Calculated. C 34.51, H 3.98, Pt 21.6 
Found. "2.23.2. * Be 


Phenylhydantoin of «-Benzenesulfonyl-d-Lysine (Synthetic) (V)— 
A suspension of 0.330 gm. of the above platinichloride in 100 ce. 
of water was ground for 25 minutes with excess of freshly pre- 
pared, finely divided silver according to the method of Dudley 
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(29). The filtrate and washings were chilled, made slightly 
alkaline to litmus with 2 cc. of Nn NaOH, and vigorously stirred 
with 0.525 gm. of benzenesulfochloride during the addition of 6 ce. 
of nN NaOH in small portions. After 4 hours stirring, the solution 
was filtered and cautiously acidified to Congo red with concen- 
trated HCl. A precipitate formed immediately; after being 
chilled overnight, it was filtered off and washed with two 10 ce. 
portions of cold water. The precipitate was dissolved in 10 ce. of 
95 per cent ethyl alcohol; 10 cc. of water were added, and the 
solution slowly evaporated in a current of air. After evaporation 
to approximately 12 cc., tufts of needles separated, weighing 0.136 
gm.; m.p. 138°. The aqueous mother liquor was evaporated to 
dryness in vacuo, and the residue extracted with three 10 cc. por- 
tions of 95 per cent ethyl alcohol. The alcoholic solution was 
combined with the aqueous alcohol mother liquor and the solution 
concentrated in a current of air. A second crop was obtained 
weighing 0.028 gm.; m.p. 138°. Total yield, 0.164 gm. [a]# = 
— 28.6° (1 per cent in 95 per cent alcohol). 


Analysis—C,,H2,0,N;S8. Calculated. N 10.85, S 8.26 
Found. ** 10.90, ‘8.10 


e-Benzoyl-a-Benzenesulfonyl-d-Lysine (VI)—To a solution of 1.0 
gm. of e-benzoyl-d-lysine (II) in 20 ce. of 0.1 N NaOH were slowly 
added, with stirring, 2.1 gm. of benzenesulfochloride and 48 ce. of 
0.5N NaOH. After 4 hours stirring, the solution was filtered and 
acidified to Congored. A heavy precipitate formed; after chilling, 
it was filtered off, washed with 15 ce. of cold water, and twice 
recrystallized from 15 ec. of 50 per cent ethyl alcohol, when 1.215 
gm. of fine white needles (m.p. 168°) were obtained. A small 
second crop (m.p. 167—168°) was obtained from the mother liquors. 
The total yield was 1.305 gm. 


Analysis—C,,H220;N,8. Calculated. Cc 58.45, H5 64N 7.17, S 8.20 
Found. ** 58.62, “* 5.50, “ 7.14, “8.27 


a-Benzenesulfonyl-d-Lysine (VII)—A solution of 0.5 gm. of this 
last product (VI) in 50 ce. of N NaOH was heated on a steam bath 
for 40 hours. The solution was cooled, filtered, and acidified to 
Congo red. It was then evaporated to dryness in vacuo and the 
residue extracted with three 10 ce. portions of 0.6 n HCl. The 
insoluble material was filtered off; the filtrate was carefully neu- 
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tralized with ammonia, again filtered, and slowly evaporated in 
a current of air. After about one-half had evaporated, a crystal- 
line precipitate formed. This was recrystallized twice from 25 ce. 
of 50 per cent alcohol, yielding 0.205 gm. of wedge-shaped prisms, 
m.p. 249-251° (decomposition). [a] ?> = —22.8° (2 per cent in 
0.1 n NaOH). 


Analysis—C,2H,sQ,N28. Calculated. N 9.79, Ss 11.19 
Found. ~ 2” Caen 


e-Phenylureido-a-Benzenesulfonyl-d-Lysine (VIII)—To a chilled 
solution of 0.0569 gm. of a-benzenesulfonyl-d-lysine (VII) in 3 ee. 
of 0.1 n NaOH, 0.024 gm. of phenyl isocyanate was added with 
stirring. After 30 minutes a small amount of diphenylurea was 
filtered off, and the filtrate acidified to Congo red. On being 
chilled, the resulting oil formed long needles, which were recrys- 
tallized twice from 10 cc. of 50 per cent alcohol. Weight, 0.0728 
gm.; m.p. 145°. The product is soluble in dilute NaHCO, solu- 
tion. [a]? = +11.9° (1 per cent in 95 per cent ethyl alcohol). 


Analysis—C,sH2;0;N;S8. Calculated. N 10.37, S 7.90 
Found. “* 10.23, ‘‘ 7.99 


The compound was recovered unchanged after boiling with excess 
hot concentrated HCl for 30 minutes. 

Dibenzenesulfonyl-d-Lysine; Acid Hydrolysis—To a solution of 
2.2 gm. of d-lysine hydrochloride in 20 cc. of 0.5 Nn NaOH were 
added, with stirring, 10.5 gm. of benzenesulfochloride and 50 ce. 
of 2 n NaOH in small portions. After stirring for 4 hours, the 
mixture was filtered and acidified to Congo red. The oily precipi- 
tate hardened on prolonged chilling, but did not crystallize. The 
product (3.9 gm.) was readily soluble in alcohol and in acetone, 
sparingly in water and in ligroin. Analysis of a portion indicated 
that nitrogen and sulfur were present in equivalent proportions. 

A suspension of the crude product in 100 ce. of concentrated HC! 
was boiled under a reflux for 48 hours, when 48 per cent of the 
nitrogen was found to be in the amino form. The solution was 
evaporated to dryness; the residue was dissolved in water, neutral- 
ized with ammonia, and concentrated to 25 cc. The solution on 
being chilled, deposited 1.92 gm. of a-benzenesulfonyl-d-lysine 
(VII; m.p. 252°, decomposition; N, 9.75;8, 11.29). The ninhydrin 
test was negative. On treatment with phenyl isocyanate, a crys- 
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talline phenylureide (m.p. 145°; N, 10.2; 8, 8.0) was formed, which 
. was unchanged on boiling for 30 minutes with concentrated hydro- 
chloric acid and obviously consisted of e-phenylureido-a-benzene- 
sulfonyl-d-lysine (VIII). 


SUMMARY 


The position of the free amino groups in polypeptides and pro- 
teins can be determined by benzenesulfonylation followed by hy- 
drolysis under conditions in which the peptide linkages are opened 
without appreciable attack on the sulfonamino grouping. These 
conditions are satisfactorily met by treatment at 90-100° with 
50 per cent formic acid containing about 2 equivalents of hydro- 
chloric or sulfuric acid for each atom of nitrogen. 

Several new benzenesulfonamino acids have been prepared as 
reference substances and characterized both as such and as their 
butyl esters. Application of the process to dipeptides of known 
constitution has yielded concordant results; with glutathione the 
location of the free amino group on the glutamic acid radical has 
been confirmed by the isolation of butyl benzenesulfonyl-d-gluta- 
mate. 

Treatment of gelatin with benzenesulfochloride completely blocks 
the free amino groups with no apparent degradation of the protein. 
The sulfur introduced is not very much more (30 per cent) than 
equivalent to the amount of amino nitrogen originally present. 

From the hydrolytic products, e-monobenzenesulfonyl-d-lysine 
was isolated as its copper salt in 50 per cent yield. Its identity 
was confirmed by conversion to e-benzenesulfonyl-d-lysine phenyl- 
hydantoin, and comparison with a synthetic product. 

At least 50 per cent of the free amino groups in gelatin may 
therefore be ascribed to the eamino group of lysine. Not more 
than 0.5 per cent of the free amino nitrogen in gelatin can be allo- 
cated to monoamino acids. 
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STUDIES ON PURINE METABOLISM 
III. THE FATE OF GUANOSINE AND ADENOSINE IN THE DOG 


By LEOPOLD R. CERECEDO anp FRANK WORTHINGTON ALLEN 


(From the Division of Biochemistry, University of California Medical School, 
Berkeley) 


(Received for publication, July 18, 1934) 


In a recent publication (1) we reported experiments showing that 
guanine in the dog is partly metabolized to allantoin, partly broken 
down to yield urea. Adenine, on the other hand, was found to 
be toxic. Inasmuch as Amberg and Jones (2) observed that while 
dog liver cannot form hypoxanthine from free adenine, it contains 
an adenosine deaminase, the idea occurred to us to investigate the 
metabolism of adenosine in the dog. It also seemed of interest to 
compare the fate of guanosine with that of guanine. 

As far as we are aware, the metabolism of guanosine and adeno- 
sine in the dog has not been investigated heretofore. Thann- 
hauser and his coworkers (3, 4) studied the fate of these compounds 
inman. They found that adenosine and guanosine, when injected 
intramuscularly, were converted into uric acid to the extent of 
from 75 to 82 per cent. As this mode of application may give 
rise to toxic reactions, according to the observations of Rother 
(5) and Schittenhelm and Harpuder (6), there is room for much 
doubt as to whether we are dealing only with a true conversion of 
the nucleosides into uric acid. In experiments on himself, Severin 
(7), after ingesting guanosine and adenosine, was able to recover 
at the most 60 per cent in the form of uric acid. In the rabbit, ac- 
cording to Thannhauser and Bommes (3), these compounds cause 
an increase in the excretion of allantoin, corresponding to 40 per 
cent metabolized. 

In the present study we tried particularly to establish two 
points: First, is there a complete conversion of the purine fraction 
of guanosine and adenosine into allantoin? Second, if such a con- 
version does not take place, is there a partial breakdown to urea? 
421 
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422 Purine Metabolism. III 


EXPERIMENTAL 


The technique of the feeding experiments has been described 
in our previous paper. The following analytical methods were 
used: total N, Kjeldahl; urea, Allen and Luck (8); ammonia, the 
Folin and Bell permutit method (9); allantoin, Allen and Cerecedo 
(10); inorganic sulfur, Rosenheim and Drummond (11). 

Guanosine was prepared from yeast nucleic acid according to 
the method of Levene and Jacobs (12). 

In the preparation of adenosine we followed the method of Le- 
vene and Jacobs (12) up to the stage of the adenosine picrate. 
For the preparation of the free nucleoside their procedure was 
modified as follows: 15 gm. of adenosine picrate are dissolved in 
2000 ce. of hot water. To this is added a solution of nitron ace- 
tate (9.5 gm. of nitron dissolved in 95 cc. of 5 per cent acetic acid). 
After standing for 12 hours at room temperature, the nitron pic- 
rate is removed by filtration and the filtrate evaporated in vacuo 
toasmall volume. Any excess of nitron is now removed by mak- 
ing the solution faintly alkaline with ammonium hydroxide and 
filtering. The adenosine is then allowed to crystallize from the 
solution by standing several days in the ice box. One subsequent 
recrystallization generally gives a pure product. 

Experiments with Guanosine—Five experiments with guanosine 
were carried out on four different dogs. The results of two repre- 
sentative experiments are recorded in Table I. The rise in urinary 
total nitrogen on the days following the ingestion of the substance 
shows complete utilization. The increased output of urea repre- 
sents about 30 per cent of the nitrogen present in guanosine. The 
amino group in the nucleoside represents one-fifth of the nitrogen, 
so that more urea has been formed than should be expected from 
the conversion of this amino group into urea. As regards the 
effects of guanosine on the allantoin output, an examination of the 
data reveals that in Experiment 1 (Dog A) 50 per cent of the nitro- 
gen fed was eliminated in the form of allantoin. In Experiment 2 
(Dog B) approximately 55 per cent of the nitrogen was converted 
into allantoin. 

Experiments with Adenosine—This nucleoside was fed five times. 
Two typical experiments showing the metabolism of adenosine are 
given in Table I. Here, as well as in the case of guanosine, the 
rise in urinary total nitrogen after ingestion of the compound 
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shows practically complete absorption. Experiment 3 (Dog A) 
shows that about 23 per cent of the nitrogen of the nucleoside was 
eliminated in the form of urea. The increase in allantoin amounts 
to 62 per cent of the compound. Dog B (Experiment 4) received 
one dose of adenosine. The data show that there was complete 
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Output in urine Output in urine 
Day . N oe, 3 7. om <GReES pS Day 2 N 
intake Te en | Ammo-| Allan- intake Ty Urea | Ammo-| Allan- 
N nia N | toin N N N nia N | toin N 
Experiment 1. Dog A, 9.5 kilos Experiment 3. Dog A, 9.5 kilos 
gm. gm. gm. gm. gm. gm. gm. gm. gm. gm. 
1 4.50) 3.76) 3.18 | 0.28 | 0.10; 1 | 4.50) 3.91) 3.23 | 0.27 | 0.10 
2 | 4.50] 3.80) 3.23 | 0.26 | 0.11 2 | 4.50) 3.79) 3.09 | 0.29 | 0.10 
3 | 4.50) 3.86) 3:16 | 0.30 | 0.10} 3 | 4.50) 3.90) 3.19 | 0.30 | 0.11 
4 | 5.16) 3.79) 3.19 | 0.26 | 0.10%) 4 | 5.17) 3.97) 3.19 | 0.31 | 0.11T 
5 | 4.50) 4.46) 3.39 | 0.24 | 0.43 | 5 | 4.50) 4.50) 3.34 | 0.29 | 0.53 
6 | 4.50) 3.96) 3.25 | 0.31 | 0.10 | 6 | 4.50) 4.00) 3.22 | 0.30 | 0.12 
7 4.50) 3.98) 3.20 | 0.25 | 0.11 7 | 4.50) 3.84) 3.13 | 0.28 | 0.10 
8 4.50) 3.86) 3.13 | 0.27 | 0.11 
Experiment 2. Dog B, 10.4 kilos Experiment 4. Dog B, 10.4 kilos 
1 5.48) 4.91) 3.96 | 0.42 | 0.13 | 1 | 5.48) 4.96) 4.08 | 0.42 | 0.12 
2 | 5.48) 4.92) 4.01 | 0.41 | 0.11 | 2 | 5.48) 4.86) 4.05 | 0.42 | 0.11 
3 | 6.14 4.91) 4.05 | 0.36 | 0.11") 3 | 5.48) 4.85) 4.00 | 0.40 | 0.11 
4 5.48) 5.57) 4.27 | 0.38 | 0.47 | 4 | 5.48) 4.91) 4.12 | 0.39 | 0.12 
5 | 5.48) 4.81) 4.00 | 0.39 | 0.11 5 | 6.15) 4.82) 3.99 | 0.41 | 0.11f 
6 | 5.48) 4.80) 4.00 | 0.40 |} 0.12 | 6 | 5.48) 5.52) 4.24 | 0.28 | 0.56 
7 | 5.48) 4.91) 3.96 | 0.42 | 0.13 
8 | 5.48) 4.92) 4.01 | 0.41 | 0.11 
9 | 5.48) 4.91) 4.05 | 0.36 | 0.11 






































* 3.0 gm. of guanosine were fed with the food, N = 0.66 gm. 
t 2.75 gm. of adenosine were fed with the food, N = 0.67 gm. 


utilization of the compound. 24 per cent of the nitrogen was 
eliminated as urea. Extra allantoin was excreted to the extent of 
approximately 67 per cent of the nitrogen present in adenosine. 
Inorganic sulfur was determined every day. Inasmuch as these 
data did not reveal any significant facts, they have not been in- 
cluded in Table I. 
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424 Purine Metabolism. III 


SUMMARY 


Upon feeding guanosine and adenosine to dogs, amounts of 2.5 
to 3.0 gm. were found to be almost completely metabolized. 

In the case of guanosine about one-half to two-thirds of the 
nitrogen was metabolized to allantoin. One-third of the nitrogen 
is accounted for by an increased output of urinary urea. This is 
more than could arise from the amino group of the guanosine 
alone. 

In the case of adenosine similar increases in urinary allantoin 
were found, but practically no increase in urinary urea above that 
accountable for on the basis of deamination. 

Our results seem to indicate a difference in the metabolism of 
guanosine and adenosine in the dog. The observations on guano- 
sine point to a further breakdown of the purine fraction beyond 
the allantoin stage. 
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STUDIES ON METABOLIC PROCESSES DURING GROWTH 


I, THE METABOLISM OF ISOBARBITURIC ACID IN THE 
GROWING DOG 


By LEOPOLD R. CERECEDO anp JAKOB A. STEKOL 


(From the Division of Biochemistry, University of California Medical School, 
Berkeley, and the Department of Chemistry, Fordham University, 
New York) 


(Received for publication, July 25, 1934) 


In a large number of experiments the metabolism of isobar- 
bituric acid in adult dogs has been investigated. This work has 
been published in previous papers (1, 2). The most characteris- 
tic effects caused by the ingestion of this pyrimidine were found 
to be: first, an increase in the output of urea in the urine, indicat- 
ing a breakdown of the molecule; second, a drop in inorganic 
sulfur, accompanied by a corresponding rise in ethereal sulfur, sug- 
gesting partial excretion of isobarbituric acid as an ethereal sul- 
fate; lastly, a diminution of the neutral sulfur. In line with some 
other work in progress, in which we plan to compare metabolic 
processes in growing dogs with those in adult dogs, it was deemed 
of interest to investigate the metabolism of isobarbituric acid in 
the growing dog. 


EXPERIMENTAL 


A male pup and two female puppies have been used in this in- 
vestigation. Pups 5 and 7 were litter mates. In all our experi- 
ments we have used the diet proposed by Cowgill (3, 4). It con- 
sisted of 43.7 parts casein,' 40.6 parts sucrose, 11.6 parts Squibb’s 
Vitavose, 2.7 parts bone ash, 1.4 parts salt mixture,? 7 parts 
butter fat, and 17 parts lard. The puppies were given, in ad- 
dition to this food mixture, 50 gm. of tomato juice daily. Pup 3 
was given also 3 cc. of cod liver oil daily. 


1In the experiments conducted in New York we have used casein No. 
453 of The Casein Manufacturing Company of America, Inc., New York. 
2 Used by Karr (5). 
425 

























fe fe ts eee 


be, mt . 


2% 


ke ee omen ort: 


arg SE 


Hoge foe ante 











426 Metabolic Processes during Growth. I 


TABLE | 
Metabolism of Isobarbituric Acid in Growing Dog 


















































Urinary output 
Date Weight | . Inor- | Ethe-| ,, 
ume| No | Ne | 8 | Sous] eagle | real | Negia 
1931 kg. cc. | gm.| gm. | gm. gm. gm. | gm. gm. 
Pup 3 9°. July 19 | 1.36 | 105)1.38)1.03/0.114/0. 107|/0.097/0.010) 0.007 
Born May " 7 140)1.35/1.00/0. 109/0.099/0.085)0.014) 0.010 
17, 1931 aoe 141|1.36/1.01/0.110/0. 100/0.087/0.013| 0.010 
“ 22 110}1.37|1.00)0. 106/0. 100/0 .093/0.007| 0.006* 
7 102|1 .50)1.01/0.098,0.090/0.034/0.056| 0.008 
in 120}1. 29/0. 92/0. 114/0. 101/0.090/0.011| 0.013 
“ 25 112/1.31/0.95/0.110/0. 100/0.090/0.010} 0.010 
= 2 90/1. 30/0. 97/0. 109/0 .099/0 .088/0.011) 0.0104 
~ 92/1. 68)1.07/0.116)0. 104/0.017/0.087) 0.012 
« 2 110}1.40}1.05)0. 120/0. 110/0.097/0.013) 0.010 
“« 29 175}1.42/1.04/0. 112/0.098/0.088/0.010) 0.014 
> a 170|1.69/1.05/0. 124/0.112/0.017/0.095) 0.012 
“s 90)1.31/0.93/0.081/0.067/0.048/0.019) 0.014 
Aug. 1| 1.76 | 100)1.25)0.87/0.115)/0. 100/0.089/0.011; 0.015 
193 
Pup 5 ¢. Nov. 7| 3.32 | 262/2.47|2.01}0.077/0.059|0.051/0.008/ 0.018 
Born Sep- - 8 277/|2.71/2.15/0.084/0.072/0.061/0.011| 0.012 
tember 21, = 240|2.49)1.98/0.086/0.070)0.059/0.011) 0.016 
1932 *.@ 250/2. 51/2. 13/0.094/0.072/0.059/0.013) 0.022§ 
= a 254/2.90/2.21/0. 123/0.087/0.004/0.083| 0.035 
“ 12 | 3.48 | 226/2.51/2.00/0.068/0.035/0.023/0.012) 0.033 
ae 210/2. 67/2. 20/0. 114/0.085/0.078'0.007| 0.029 
Pup7 °. “ 10 | 2.20 | 136)1.81/1.59/0.075/0.061/0.055/0.006; 0.014 
Born Sep- ~~ 2 120/1 . 93/1. 63/0.092/0.077/0.067/0.010) 0.015 
tember 21, > 176|1.99}1.80/0.094/0.077/0.064/0.013) 0.017§ 
1932 "a 190/2. 33/1 .62)0. 1150 .079/0.005/0.074| 0.036 
=: 7 146/1.89/1.58/0.060/0.041/0.034/0.007| 0.019 
7 aa 152}1.91/1.61/0.091/0.076/0.065/0.011) 0.015 
“ 16 | 2.23 | 240\2.10)1.71/0.098/0.080/0.064/0.016) 0.018 





* 1.0 gm. of isobarbituric acid fed with the food, N = 0.22 gm. 
t 2.0 gm. of isobarbituric acid fed with the food, N = 0.44 gm. 
t 2.5 gm. of isobarbituric acid fed with the food, N = 0.55 gm. 
§ 1.5 gm. of isobarbituric acid fed with the food, N = 0.33 gm. 


The following analytical methods were used: total N, Kjeldahl; 
urea, Van Slyke’s gasometric method (6); inorganic and ethereal 
sulfates, Folin (7); total sulfur, Denis’ modification of Benedict’s 
method (8). 
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The plan of the experiments was to follow the various urinary 
constituents until there were only slight variations from day to * 
day, to give the substance to be tested mixed with the food, then i 
- to continue the experiment until the output of these excretory a 
al products had returned to normal. The dogs were kept in metab- 
olism cages, and the urine collected every 24 hours. ; 

Isobarbituric acid was prepared according to the method of ; ; 
Davidson and Baudisch (9). BS! 

Isobarbituric acid was fed altogether fifteen times to puppies. i 
Five representative experiments are given in Table I. The data iy 
show that, in contrast to its behavior in adult dogs, this substance 
does not seem to be broken down to urea in the growing dog. As 
regards its effect on the sulfur metabolism, we find a drop in the bi 
inorganic sulfur fraction and a corresponding rise in the ethereal J 
sulfates. The growing dog, therefore, excretes, similarly to the “i 
adult dog, part of the isobarbituric acid as an ethereal sulfate. A 
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comparison of the data obtained after feeding varying quantities “ 
of this pyrimidine reveals an interesting fact. If the dog ingests i 
more isobarbituric acid than it can conveniently conjugate with f 
the sulfur available for this process, the organism takes recourse i 

t 


} to additional sources of sulfur. This is indicated by a rise in the i 
) total sulfur output on the day following the feeding. On the 2nd f. 
4 day after the ingestion of the compound, we find that the organism “i 
tries to compensate for the loss of the previous day by retaining 
the sulfur, which normally would have been excreted in the in- 
organic sulfur fraction. The data on neutral sulfur show another ; 
difference between adult and growing dogs. In the adult dog we By 
; observed a drop in the neutral sulfur fraction following the feed- i 
ing of isobarbituric acid. -In the growing dog we find that small * 
amounts of the compound cause no change. If these amounts are 4 
exceeded, there is an appreciable increase of the neutral sulfur. 
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DISCUSSION 


The most important difference between adult and growing dogs 
as regards the metabolism of isobarbituric acid is the fact that in 
the growing dog this pyrimidine is not broken down to urea. The 
rise in total nitrogen on the days following the feeding cannot be 
| accounted for by the excretion of isobarbituric acid sulfate alone. 
Part of the pyrimidine is presumably excreted unchanged. Inas- 
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much as there is no method for determining quantitatively iso- 
barbituric acid in the urine, we do not know how much of it was 
eliminated as such. No other nitrogenous constituent which we 
determined showed an increase. The ammonia remained prac- 
tically constant throughout the experiments carried out on Pup 3. 
It was, therefore, not determined in the rest of the work. The 
structure of isobarbituric acid suggests the possibility that this 
pyrimidine may give rise to purine substances in the animal body. 
Further work will have to be done to test this idea. 


SUMMARY 


1. Isobarbituric acid has been fed to growing dogs. Evidence 
was obtained that this pyrimidine is not metabolized to urea. 
This is in contrast to its behavior in the adult dog. 

2. The drop in the inorganic sulfur and the corresponding rise in 
the ethereal sulfate output seems to indicate that isobarbituric 
acid is partly excreted in conjugation with sulfuric acid in the 
urine. 

3. No change in the neutral sulfur fraction was observed after 
the administration of small amounts of isobarbituric acid. 
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Workers (1) in some other laboratories have encountered difficul- 
ties in confirming our preceding work (2) on the sparing relation- 
ship between fat and vitamin B. An unsuccessful, though 
unpublished, attempt in Steenbock’s laboratory has resulted in 
definite progress because it has revealed the fact that fat will not 
spare vitamin B under all conditions, and we wish here to thank Dr. 
Steenbock for access to his unpublished data. The diets used in - 
Steenbock’s laboratory differ from those used here, as can be seen ti 
from the tabulation below. Our diet is No. 720, and Diet 722 is 
the diet used in Steenbock’s laboratory. 








Diet 722 Diet 720 
eee 20 gm. 36 gm. Z 
DES o axedatdanwabeas = 50 “ 7 
ae a tad “a Qo * +; 
Salt Mixture 185 (3)..| 6 “ ; 4° 4 
Autoclaved yeast..... 300 mg. every other day | 10 (approximately 800 


mg. daily as deter- 
mined by food con- i) 
sumption records) 
Cod liver oil*......... 4 drops every other | 4 drops every other ih 
day day ; 


aE I 











*Kindly presented by E. R. Squibb and Sons. 
On Diet 722, no sparing action of fat for vitamin B was noted in th 
Steenbock’s laboratory. We confirmed this fact early in 1932. v 


* Aided by grants from the Research Board and the College of Agricul- 
ture of the University of California, and the Rockefeller Foundation. 
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The rats died with little or no growth, and usually with symptoms 
of beriberi at an average age of 64 days. Yet on our Diet 720, run 
simultaneously, the rats reached an average weight of over 140 
gm., with survivors still remaining at 180 days of age. After the 
rats reached 100 days of age, they began as a group to decline in 
weight slowly, some of the rats occasionally dying of beriberi 
after 150 days of age. This is clearly shown in Chart I. 

The difference in the response of the rats on the two diets was 
far greater than could logically be expected from the differences in 
the composition of the two diets. The chief differences in the 
two diets were the amounts of vitamin G fed and levels of the 


160) 


WEIGHT IN GRAMS 
€ § 
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Cuart I. Composite growth curves of two groups of six rats each showing 
that though both diets contain 50 per cent lard, only the diet with high 
protein and vitamin G (Diet 720) is capable of sparing vitamin B. 


protein intake. We, therefore, planned an experiment to deter- 
mine whether the protein intake or intake of vitamin G or both 
were responsible for the differences obtained with the two diets. 
The following variables were studied: (1) high protein, high 
vitamin G, high fat (Diets 720 and 729); (2) high protein, low 
vitamin G, high fat (Diets 730 and 728, 300 mg. of autoclaved 
yeast every other day); (3) low protein, high vitamin G, high 
fat (Diet 722, 800 mg. of autoclaved yeast); (4) low protein, low 
vitamin G, high fat (Diet 722, 300 mg. of autoclaved yeast every 
other day); (5) high protein, high vitamin G, no fat (Diet 731, 800 
mg. of autoclaved yeast). 
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Since such large amounts of lard were used in the diet, it was 
necessary to determine whether any impurities there present could 
exert the beneficial effect. We therefore prepared a synthetic 
lard (2); the results of feeding this are reported here. 


EXPERIMENTAL 


Composition of Diets—The composition of the diets used in these 
experiments is listed in Table I. 

Preparation of Materials—Casein L-XIl' was prepared by 
washing 14 kilos of casein twice daily for 5 days with about 80 
liters of distilled water containing 80 cc. of glacial acetic acid, and 
twice daily for 2 days with distilled water. It was then thor- 


TABLE I 
Composition of Diets 





























Diet Diet Diet Diet Diet Diet 

720 722 728 729 730 731 
ge ES 6 | SE heen renee re 36.0 | 20.0 | 36.0 | 36.0 | 36.0 | 36.0 
Ae ee 24.0 60.0 
ERS RR en ae ee ee Re 50.0 | 50.0 | 50.0 
Salt Mixture 185 (3)............. 40| 60} 40] 40] 40) 4.0 
Autoclaved yeast................ 10.0 10.0 
ES 65 ccc navieadaewed 50.0 | 50.0 








All diets were supplemented with 4 drops of cod liver oil every other day. 


oughly drained by suspending in a cloth, and later dehydrated 
with alcohol and ether. 

The autoclaved yeast was prepared by autoclaving Fleisch- 
mann’s yeast? for 6 hours at a pressure of 18 to 20 pounds in 
layers 2 to 3 inches thick, in pans 18 inches long, 12 inches wide, 
and 2} inches deep. Repeated feeding tests of yeast prepared in 
this way showed that it was free of vitamin B. 

The synthetic lard was prepared by saponification of lard with 
40 per cent KOH in water. Lard was added to the alkali in small 
portions and agitated with steam until the total amount was 


1 The Golden State Company, Ltd., generously provided the casein used 
in this experiment. 

* The whole dried yeast was generously supplied by The Fleischmann 
Laboratories ef Standard Brands, Inc. 
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added; in this way practically complete saponification was 
obtained. The total time required was about 8 hours. The 
soaps were decomposed with sulfuric acid, the liberated fatty 
acids were thoroughly washed with hot water, dried, and distilled 
in vacuo at a temperature of 170—-190°. The distilled fatty acids 
were esterified with redistilled glycerol with constant stirring, in 
an atmosphere of carbon dioxide at a temperature of 200—230°. 

Care of Animals—The rats were started on the diets at 21 days 
of age, and were kept on large wire screens, 2 meshes to the inch, 
to insure inaccessibility of the rats to their feces. In the groups 
in which the vitamin G was not mixed with the diet, it was fed 
out in small boxes provided also with wire screens. The rats were 
weighed every 5 days, and vaginal smears taken daily except 
Sunday. 

Two basic diets were used, one with 20 per cent casein (low 
protein) and the other with 36 per cent casein (high protein). 
Two levels of autoclaved yeast were used, 300 mg. every other 
day (low vitamin G) and 800 mg. daily (high vitamin G). 

To test the freedom from vitamin B of our casein and autoclaved 
yeast, we included a control experiment, in which rats were fed the 
high levels of autoclaved yeast and casein but no lard (Diet 731). 


Results 


An examination in Chart II of the growth obtained with Diets 
720 (50 per cent fat) and 731 (fat-free) shows unequivocally that 
fat spares vitamin B; that is, a high fat diet enables a good deal of 
growth and lengthy survival to take place when no vitamin B is 
added to the diet. In both of these diets a high level of protein, 
36 per cent casein, was fed; 10 per cent autoclaved yeast was fed 
in Diet 720 as the source of vitamin G and 800 mg. of autoclaved 
yeast daily were fed with Diet 731. That lard contributes no 
vitamin B impurity to the high fat diet is shown by the fact that 
equal or superior growth is obtained with synthetic as contrasted 
with commercial lard (Diets 729, 720, Chart IT).* 

Chart II also shows that the sparing action of fat on vitamin B 


3 In this particular case the results obtained with natural lard were for 
some unknown reason poorer than usual, whereas the results with the syn- 
thetic lard (Diet 729, Chart II) are of about the same order as those obtained 
on several occasions during the last 3 years with natural lard. 
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Cuart II. Composite growth curves of groups of six rats each showing 
the réle of protein, vitamin G, and fat in the growth of rats on vitamin 
B-free diets. For the low level of vitamin G, 300 mg. of autoclaved Fleisch- 
mann’s yeast were fed every other day, and 800 mg. daily were fed for the 
high level of vitamin G. 


200 











—— 800 MGM. AUTOCLAVED FLEISCHMANNS YEAST DAILY 
—— 300 MOM. AUTOCLAVED FLEISCHMANNS YEAST EVERY OTHER DAY 
eooce 300 MOM. AUTOCLAVED FLEISCHMANNS YEAST EVERY OTHER DAY 
Cuart III. Composite growth curves of groups of six rats each on high 
fat diets with vitamin B requirements fully satisfied as 0.2 cc. of an extract, 
Concentrate 9-G, from rice polish (80 per cent alcoholic extract) (4), show- 
ing the réle played by the level of protein in the diet when vitamin G is 
reduced from an adequate to an inadequate level. The curves with the 
dotted lines represent similar experiments which were not included in 
this series. 
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is not so simple a phenomenon as we had formerly supposed. 
From it we can see that the levels of protein and vitamin G play 
important réles. We are not dealing, therefore, with a simple 
fat-vitamin B relationship such as we studied in our previous 
work (2). There the protein and vitamin G did not enter as 
factors because both were fortuitously given at high levels (36 per 
cent casein and 10 per cent autoclaved yeast). 

In Chart ITI, one can observe that on complete diets, rats grow 
equally well on 20 per cent casein (Diet 722) and on 36 per cent 
casein (Diet 720). Yet in the absence of vitamin B (Chart II) 
with 800 mg. of autoclaved yeast supplying the vitamin G, the 
lowering of the casein from 36 per cent to 20 per cent is followed 
by significant biological consequences. Diet 722 containing 20 
per cent casein, gives much poorer results than Diet 720 or 729 
with 36 per cent casein. Moreover, when an inadequate amount 
of vitamin G is also fed (150 mg. of autoclaved yeast daily), the 
difference in protein levels yields further interesting results. 
Diet 728 with 36 per cent casein (Chart II) still shows evidence 
of considerable sparing action, but there is no sparing action 
whatsoever at the low level of casein (Diet 722) when vitamin G 
is also low. It seems, therefore, that to enable a rat to survive 
without vitamin B requires the cooperative action of optimal 
proportions of protein and vitamin G as well as high fat. 

Attention should be called to the fact that the low protein diet 
(Diet 722) contains 24 per cent sucrose, whereas the high protein 
Diets 720, 728, 729, and 730 do not contain any added carbohy- 
drate. The possible significance of sucrose in the phenomenon 
under investigation is unknown. 

It is of interest to note the réle of vitamin G when both the 
protein and fat are high. In Chart IV, the synthetic lard Diet 
730 was fed to rats without any vitamin B or vitamin G additions. 
At the point noted, vitamin G was given to three of the six rats 
as an autoclaved aqueous extract of hog liver equivalent to 3 gm. 
of fresh liver. The liver extract was free from vitamin B as 
determined by previous test. The rats responded to the vitamin 
G addition, growing and surviving until the end of the experiment, 
whereas their controls died of beriberi. We have here the paradox 
of vitamin G protecting rats from death with symptoms of beri- 
beri supposedly specific for vitamin B deficiency. 
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d. In Chart III, the réle of the protein level is illustrated when 
y vitamin B is fully adequate, but vitamin G inadequate. The 
le high protein diet containing 36 per cent casein (Diet 728) is little 
Is better than the diet containing 20 per cent casein (Diet 722) when mii 
AS 800 mg. daily of autoclaved yeast are fed, but when only 150 mg. 
T of autoclaved yeast are fed daily, Diet 728 is definitely better, Hy 
and the higher protein level is the only factor to which this superi- 
Ww ority can be ascribed. This is in agreement with the observations ; 
it of Sherman and Derbigny (5). & 
1) i! 
e 
d i 
0 
9 100; 
it 
. 2 ao} 7 
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e 2 oh } 
mn t 
G Fol 
e ; 
al a ‘ ; ; ee, 
‘ Cuart IV. Réle of vitamin G upon the high fat Diet 730 (synthetic lard) 
in the absence of vitamin B. The rats were started without vitamins B \: 
” and G. At the point { vitamin B-free autoclaved liver extract, fed as the hy 
a source of vitamin G, was given to three rats. The other three rats declined ty 
n and died with typical symptoms of beriberi. j 
e DISCUSSION L 
In their paper on the studies of vitamin G with special reference i 
> to the protein intake, Sherman and Derbigny (5) write, “And hh 
s in so far as the pellagra problem is to be regarded as nutritional, } 
a one should think not in terms of a choice between ‘protein theory’ i 
. and ‘vitamin theory,’ but rather of a theory broad enough to take 
. account of the possible participation of more than one nutritional i 
, factor.’’ The problem which has engaged our attention for several F 
. years, the sparing of vitamin B, is one in which several factors i 
, are now known to participate. They are fat, protein, and vitamin At 
G. The fullest effect is possible only when all these factors are 





436 Fat Sparing Action and Vitamin B. VI 


as high as is possible in the diet. This is accomplished by the total 
exclusion of carbohydrates. The question may well be raised, 
what effect is produced by the total exclusion of carbohydrates. 
As early as 1914 Funk (6) correlated the severity of vitamin B 
deficiency symptoms with the amount of carbohydrates in the 
diet. Just what is actually the effect of totally excluding carbohy- 
drates cannot be very well determined from the data at hand, 
We do know from Chart II, however, that the exclusion of the 
bulk of carbohydrate from the diet (Diet 722 + 150 mg. of 
autoclaved yeast daily) does not necessarily in any way improve 
the vitamin B deficiency. It must be accompanied by other 
important changes in the quantitative make-up of the diet with 
respect to the protein, fat, and vitaminG. Data are accumulating 
which indicate an importance also in the qualitative make-up of 
the fats. Some have been published (7) and other data bearing 
this out will be treated elsewhere. The cooperative action of 
protein, fat, and vitamin G to enable the rat to make considerable 
growth and to survive for a long time upon vitamin B-free diets is 
an example of the possible physiological interrelationship of these 
factors. Closer attention will have to be given the possible 
relationships of similar physiological factors in nutritional in- 
vestigations. 

Another question raised by the data presented is what consti- 
tutes the proper level of intake of any given factor. What, for 
example, is the correct protein level for optimal nutrition? 
Obviously, the data presented teach us there is no absolute value 
for protein intake. Thus, with all factors satisfied, as good 
growth is obtained upon 20 per cent casein as with 36 per cent 
(Chart III), but in the same chart, there are curves to show that 
when vitamin G is inadequate, superior growth is obtained with 
the higher level of protein. A given level of vitamin B, to give 
another example, may be adequate on high fat diet but no longer 
adequate on a fat-free diet (2). These instances would seem to 
justify the statement that the balance of the dietary constituents 
determines whether a given level of any factor will give optimal 
performance. 


SUMMARY 


1. For fat to exert its optimal sparing action upon vitamin B, 
both the protein and vitamin G must be high. 
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2. The participation of these three factors and their interrela- 
tionship in sparing vitamin B are discussed. 
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Gregory and Drummond (1) working with olive oil have been 
unable to confirm the sparing action of fat on vitamin B (2). In 
their diet no vitamin B was used, and it contained 50 per cent of 
olive oil. The curves presented show definite though slight 
superiority of the rats getting vitamin G but no vitamin B as 
compared with rats getting vitamin B but no vitamin G. They 
also report a delay of symptoms of beriberi. 

In another communication (3) we have shown that to get sparing 
action of fat on vitamin B, both the protein and vitamin G had 
to be high. Previously olive oil had been shown to act as a 
sparer of vitamin B (4), with only 25 per cent olive oil. This level 
of olive oil exerted very little effect when no vitamin B was added 
to the diet, but when 50 mg. of brewers’ yeast (an inadequate level 
of vitamin B) was fed, there was a definite and marked superiority 
of the growth obtained with the diet containing 25 per cent olive 
oil over the growth obtained on the “fat-free” diet. We inter- 
preted these results as an indication that olive oil under the proper 
conditions could spare vitamin B. ; 

We had not investigated the réle of 50 per cent of olive oil in the 
diet. The results obtained in Drummond’s laboratory (1) made 
it seem possible that in the entire absence of vitamin B there might 
be a difference in the sparing action of various fats. The following 
fats were therefore studied: lard, synthetic lard (2), coconut oil, 


© ivan enaenetid . 
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hydrogenated coconut oil,' sesame oil,' hydrogenated sesame oil,! 
Crisco (hydrogenated cottonseed oil), butter fat, corn oil, and 
olive oil. The basic diet was our Diet 720 (3) consisting of 36 
per cent casein L-XII, 4 per cent Salt Mixture 185 (5), 10 per cent 
autoclaved Fleischmann’s yeast, and 50 per cent of one of the 
fats studied. ‘Fat-free” Diet 702 consisted of casein L-XII 20, 
sucrose 70, Salt Mixture 185 4, autoclaved yeast 10. Details of 
technique have already been described (3) and will not be repeated 
here. The melting points of the solid fats are as follows: coconut 
oil 25°, hydrogenated coconut oil 35°, lard 32°, Crisco (hydro- 
genated cottonseed oil) 39°, hydrogenated sesame oil 40°. 


Results 


The results of the experiment are shown in Chart I. The fats 
divide themselves roughly into two divisions by their ability to 
spare vitamin B. The solid fats with the exception of hydro- 
genated sesame oil are definitely and strikingly superior to the 
liquid fats. Among the solid fats of this series coconut oil? is the 
best, owing possibly to the preponderance in it of the short chain 
fatty acids which have been shown to be very effective in sparing 
vitamin B (6). Hydrogenation decreased the effectiveness of 
coconut oil. 

A technical difficulty was encountered in feeding diets containing 
50 per cent of a liquid fat. The solid constituents consisting of 
the casein, autoclaved yeast, and salts settled out, forcing the 
rat to consume the fat before any casein or autoclaved yeast was 
available. When finally the rats began to eat the solid constit- 
uents of the diet, some of the autoclaved yeast and casein was 
spilled through the wire screens so as to be out of reach. This 
decreased the intake of protein and vitamin G. Under such 
conditions, fats can have no sparing action on vitamin B (3). 
Before this was fully appreciated, a series of experiments with 


1 These fats were obtained from Durkee Famous Foods, Inc., through the 
courtesy of Mr. Dean C. Ingraham. 

2? The lard in this series has not given as good growth as we have obtained 
in the past. For comparison, a composite curve of the results obtained 
with lard in the past is given as the first curve in the chart. Variation in 
the growth with lard may be due to differences in the composition of the 
lards used in various trials or variation in the vitamin B stores of rats when 
put on experimental diets, 
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liquid fats showed not a single member with any sparing action. 
Only when the utmost care was taken to insure complete consump- 
tion of the autoclaved yeast and casein was there any sparing 
action evident among the liquid fats. Even then, it was inferior 
to that displayed by the solid fats, with the exception of hydro- 
genated sesame oil. Among the liquid fats, corn oil is the best. 
It is to be borne in mind, that on such high liquid fat diets the 
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Cuart I. Composite growth curves of groups of nine rats, each showing 
the sparing action of various fats. The mortality on the various diets was 
as follows: Diet 750 (coconut oil), one at 120 days; Diet 751 (hydrogenated 
cottonseed oil), one at 85 days and one at 130 days; Diet 729 (synthetic 
lard), one at 90 days and one at 130 days; Diet 720 (lard), one at 130 days; 
Diet 749 (butter fat), one at 95, one at 110, and one at 125 days; Diet 753 
(hydrogenated coconut oil), one at 110, one at 120, and one at 125 days (this 
group had only seven rats), curve terminated at 110 days; Diet 752 (corn 
oil), two at 110 days and one at 120 days; Diet 748 (olive oil), one at 55, 
one at 60, one at 65, and one at 70 days, at which point the curve was ter- 
minated; Diet 754 (sesame oil), two at 50 days, one at 55 days, at which 
point the curve was stopped; Diet 767 (hydrogenated sesame oil), one at 
45, one at 55, one at 60, one at 75, and one at 85 days, at which point the 
curve was stopped. The first curve in the chart represents a composite of 
all data on Diet 720 obtained with animals during about 3 years prior to 
this test. Diet 702 was “fat-free.” All the rats were fed 2 drops of cod 
liver oil daily (kindly presented by E. R. Squibb and Sons). 


rats are very greasy and that we do not know whether ill effects 
on the growth and well being of the rat attend a continual cuta- 
neous coating with grease. 


DISCUSSION 


It has already been mentioned that in general the fats we have 
studied for their sparing action (the protein and vitamin G being 
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high) fall into two groups, the solid fats being more effective than 
the liquid ones, with a single striking exception—hydrogenated 
sesame oil. Why hydrogenated sesame oil should not spare as do 
the other solid fats is difficult to understand; this is especially the 
case in view of the satisfactory results obtained with Crisco 
(hydrogenated cottonseed oil). These two oils are roughly 
similar in their per cent of fatty acids, as can be seen from the 
tabulation (7). 





Sesame oil Cottonseed oil 
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ag es te ee od 48 30-35 
EE ee oe Pee. ree 38 41 44 





Since in the process of hydrogenation the attempt is made in all 
cases to convert the linoleic to oleic acid, one would expect the 
same result in both cases. However hydrogenated sesame oil 
does not spare appreciably, whereas hydrogenated cottonseed 
oil does do so. It would appear a possibility that the chemical 
nature of a fat influences its sparing action upon vitamin B. 


SUMMARY 


With reference to their ability to spare vitamin B, fats can be 
arranged as follows in the order of their effectiveness: coconut oil, 
lard, Crisco (hydrogenated cottonseed oil), butter fat, synthetic 
lard, hydrogenated coconut oil, corn oil, olive oil, hydrogenated 
sesame oil, sesame oil. 
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3 It should be pointed out that hydrogenated sesame oil is an excellent 
food fat when compounded in normal diets. 














THE SPARING ACTION OF FAT ON VITAMIN G* 
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In a previous communication (1), evidence was presented that 
fat does not exert the same beneficial influence in the absence of 
vitamin G as in the case of vitamin B. Apparently the data were 


ut not very convincing since they have been interpreted (2) as show- 

" ing a positive sparing effect, in spite of our contentions. Much 

P work has since been done in the laboratory and no cause for a 

d change of view has presented itself. In fact, in the absence of 

1 vitamin G, fat often aggravates the symptoms of the vitamin G 
TaBLeE I 


Composition of Diets (in Gm.) 
































e Diet | Diet | Diet | Diet | Diet | Diet | Diet 
; 540 551 579 700 728 599 
c Casein L-III (1).......... 25.0 | 27.0 | 40.0 35.0 | 27.0 
d Sugar (commercial). ...... 75.0 | 59.0 75.0 46.0 | 59.0 
Salt Mixture 185 (5)...... 40} 40] 40} 40] 40] 40] 4.0 
agent AE RSS 10.0 | 53.0 50.0 | 25.0 
Casein L-XII (6).......... 25.0 | 36.0 
ee . 10.0 
These diets were supplemented with 2 drops of cod liver oil daily (kindly 
, presented by E. R. Squibb and Sons). 


deficiency in spite of the beneficial effect of the fat upon the fat- 
free dietary regimen as shown when the vitamin G need is satis- 
fied. Some of the data obtained are somewhat contradictory and 
arather large number of data are presented. Both the percentage 
of dietary fat and the vitamin G intake have been varied in these 
* Aided by grants from the Research Board and the College of Agricul- 
ture of the University of California, and the Rockefeller Foundation. 
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studies. The vitamin B preparations used have been described 
elsewhere (3). The diets used are enumerated in Table I. 








"| No Autoclaved Yeast jcc. 8-Fb 50 mgm. Avioclaved Yeast 
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Cuart I. Composite growth curves of three female rats on diets low in 
vitamin G, either without the addition of any vitamin G or with an inade- 
quate amount of vitamin G (50 mg. of autoclaved Fleischmann’s yeast). 
Vitamin B (Concentrate 8-Fb) was supplied as a concentrate of rice bran 
obtained by extraction with 85 per cent alcohol and vacuum concentration 
so that 1 cc. = 8 gm. of rice bran. 
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Cuart II. Effect on rats of basal diets low in vitamin G when 10 or 53 per 
cent lard is incorporated and fed without vitamin G addition, or with an 
inadequate amount of vitamin G (50 mg. of autoclaved Fleischmann’s 
yeast). Composite curves of six female rats. Vitamin B (Concentrate 
8-Fb) was supplied as a concentrate from rice bran prepared by an extrac- 
tion with 85 per cent alcohol and vacuum concentration so that 1 cc. = 8 
gm. of rice bran. 


As an example of how fat will influence the course of an experi- 
ment when the vitamin G is low, the case of bread to which fat has 
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Cuart III. Effect of 10 and 25 per cent lard when incorporated in basal 
diets low in vitamin G. Composite growth cruves of six female rats (Diet 
540, 0.2 ec. of Concentrate 9-G), eight female rats (Diet 551, 0.2 cc. of 
Concentrate 9-G), nineteen female rats (Diet 540, 1 cc. of Concentrate 
8-C), and eighteen female rats (Diet 599, 1 cc. of Concentrate 8-C). Vita- 
min B (Concentrate 8-C) was obtained from rice polish by extracting 
with 25 per cent alcohol and concentrating in vacuo so that 1 cc. = 4 gm. of 
rice polish. Concentrate 9-G (vitamin B concentrate) was prepared 
from Concentrate 8-C by adding 95 per cent alcohol to a concentration of 
80 per cent, filtering, and concentrating in vacuo so that 1 cc. = 10 gm. of 
rice polish. 

280 


260) 


240 6 Animals 
-----NO Fat-540 
220} —25% Fal -599 


200 
180) 


lec. &-C 100 mgm. autoclaved Yeas? 


No 
WG. 


20 Orops 6 Drops 
160) W.6.0. W.6.0- 





20 Drops 6 Drops 1 Drop No 
160 W.G.0. W.6.0. W. 6.0. W6.0. 


Cuart IV. Composite growth curves of five male rats each on basal diets 
low in vitamin G without fat and with 25 per cent lard, when wheat germ oil 
was varied from 1 drop daily to 20 drops. Vitamin B (Concentrate 8-C) 
was supplied as in Chart III. 
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been added serves very well (4). Whole wheat bread, when 
supplemented with vegetable margarine, resulted in poorer growth 
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Cart V. Composite curves of four female rats each on basal diets low in 
vitamin G, containing no fat, 10 per cent lard, or 50 per cent lard, when no 
source of vitamin G was added and when an inadequate amount (50 mg. of 
autoclaved Fleischmann’s yeast) was added. Vitamin B was supplied as 
Concentrate 8-C obtained from rice polish (Chart ITI). 


DIET 700 DIET 728 
140 02 cc. 9-G 


WEIGHT IN GRAMS. 
inkl 
5 


8 





40 








6 Animals in each group 


Cuart VI. Composite growth curves of six female rats each showing the 
growth obtained on a fat-free diet (Diet 700) and a diet containing 50 per 
cent lard (Diet 728) without vitamin G and with two inadequate levels 
(50 and 150 mg.) of autoclaved yeast. Vitamin B was supplied as 0.2 cc. of 
Concentrate 9-G (Chart III). 


in rats than occurred with whole wheat bread alone. This we feel 
is due to the aggravating effect of fat upon a vitamin G deficiency, 
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though there were other possible deficiencies in the experiment 
cited (4). 

































Results 


In Chart I are given the results of our effort to detect the sparing 
effect of 10 per cent coconut oil and lard without vitamin G and 
with low vitamin G (50 mg. of autoclaved yeast daily). We know 
no reason for the superiority of the coconut oil in the absence of 
vitamin G. 

Chart II, while showing no beneficial effect of 10 per cent lard, 
shows a definite superiority of 53 per cent lard when vitamin G was 
either absent or low. 

Chart III shows no effect due to 10 per cent and an inferiority of 
25 per cent lard. 

In Chart IV no favorable effects of 25 per cent lard with various 
ne amounts of wheat germ oil are given. 
of Chart V shows the same contradictory results. 
as Chart VI shows no sparing action of 50 per cent lard at three 
levels of vitamin G. 


SUMMARY 


Variations occur in the growth obtained with and without fat 
when vitamin G is low or absent, but the results viewed broadly do 
not permit us to state that fat exerts a beneficial effect on diets in 
which vitamin G is low or absent when the requirements for other 
known dietary factors are satisfied. 


BIBLIOGRAPHY Hh 


. Evans, H. M., and Lepkovsky, 8., J. Biol. Chem., 83, 269 (1929). 

. Hume, E. M., and Smith, H. H., Biochem. J., 25, 300 (1931). 

. Evans, H. M., and Lepkovsky, 8., J. Nutrition, 3, 353 (1931). 

. MecCarrison, R., Indian J. Med. Research, 17, 681 (1930). 

. McCollum, E. V., and Simmonds, N., J. Biol. Chem., 33, 63 (1918). 

. Evans, H. M., Lepkovsky, S., and Murphy, E. A., J. Biol. Chem., 107, 
. 429 (1934). 

Is 


own rR Whe 


e| 
y; 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. 107, No. 2 








a i a | Ch —Swa eS S&S Bw al at F&F 8 















FEEDING EXPERIMENTS WITH MIXTURES OF HIGHLY 
PURIFIED AMINO ACIDS 


VI. THE RELATION OF PHENYLALANINE AND TYROSINE 
TO GROWTH* 


By MADELYN WOMACK{t anv WILLIAM C. ROSE 


(From the Laboratory of Physiological Chemistry, University of 
Illinois, Urbana) 


(Received for publication, August 2, 1934) 


While continuing our efforts to isolate the unknown growth 
essential present in proteins, we have conducted a number of 
experiments designed to determine the nutritive importance of 
certain of the known amino acids. In doing so we have taken 
advantage of the fact that excellent growth may be induced in 
rats by feeding mixtures of the known amino acids supplemented 
by our “active fractions.” It is evident that, by dropping out 
one or more of the generally recognized amino acids, one might 
expect to create a deficiency in the diet, provided the amino acids 
in question are indispensable and the protein concentrate used as 
a supplement is largely or entirely devoid of them. 

Our first studies along this line have to do with the relation of 
phenylalanine and tyrosine to nutrition. These two amino acids 
are of particular interest because of their structural similarity to 
thyroxine and epinephrine. ». Furthermore, the close chemical re- 
lation in configuration of phenylalanine and tyrosine to each other 
suggests the possibility that they may be mutually interchange- 
able in metabolism. Indeed, Abderhalden (1915, 1922) is of the 


* Aided by grants from the National Research Council, the Committee 
on Scientific Research of the American Medical Association, the Permanent 
Science Committee of the American Academy of Arts and Sciences, and the 
Graduate School Research Fund of the University of Illinois. 

t The experimental data in this paper are taken from a thesis submitted 
by Madelyn Womack in partial fulfilment of the requirements for the degree 
of Doctor of Philosophy in Physiological Chemistry in the Graduate School 
of the University of Illinois. 
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opinion that such is the case. This idea is in accord with the ob- 
servation of Embden and Baldes (1913) that the perfusion of the 
surviving liver with blood containing phenylalanine leads to the 
production of small amounts of tyrosine. However, evidence in 
conflict with the latter conception has been reported by Dakin 
(1922), and more recently by Shambaugh, Lewis, and Tourtellotte 
(1931). According to Lewis and his associates the two amino 
acids, when administered in moderate doses, do not yield identical 
intermediates. 

For more than a year, we have been obtaining evidence for the 
indispensable nature of phenylalanine. The earlier growth curves, 
however, were not entirely satisfactory because of the limited 
amount of the unknown protein component present in our crude 
active fractions. The latter have now been improved, so that 
there no longer exists any doubt as to the essential nature of 
phenylalanine. Attempts to replace the latter by tyrosine have 
invariably led to negative results. These facts are demonstrated 
in the data outlined below. 


EXPERIMENTAL 


The first prerequisite in determining the effects of phenylalanine 
and tyrosine is to prepare an active fraction which is as deficient 
as possible in the two amino acids, and yet sufficiently potent in 
the unknown to induce satisfactory growth when incorporated in 
an otherwise adequate ration. For the removal of phenylalanine, 
we have made use of the insolubility of its copper salt in water. 
Experiments have already shown (Caldwell and Rose, 1934) that 
the amino acids whose copper salts are insoluble in water do not 
carry the unknown growth essential. Therefore, phenylalanine 
may be largely removed from a protein hydrolysate without the 
loss of the unknown compound. 

Unfortunately, tyrosine yields a water-soluble copper salt, and 
cannot be removed effectively by the copper salts procedure. 
However, by direct crystallization, followed by alcohol precipita- 
tion of the amino acids, we have succeeded in reducing the tyrosine 
content of the active fraction to a low value. 

We have also made use of a new principle in preparing this active 
fraction. We observed some time ago that, if one extracts with 
butyl aleohol an aqueous solution of amino acids previously 
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rendered strongly acid by the addition of sulfuric acid, very little 
of the unknown substance is removed by the organic solvent. 
On the other hand, relatively large amounts of certain other amino 
acids are soluble in acid butyl aleohol. After the acid extractions, 
the aqueous solution is freed of sulfuric acid, and the butyl alcohol 
treatments are repeated. The activity now passes into the alcohol 
layer. This method has enabled us to prepare an unusually satis- 
factory concentrate from casein. However, we no longer employ 
the procedure, inasmuch as more abundant sources of the unknown 
substance have been discovered, which yield equally potent frac- 
tions without the necessity of resorting to the laborious double 
series of butyl alcohol extractions. These sources and their 
relation to the isolation of the unknown will be discussed in later 
communications. 

The details of the method used for the preparation of the con- 
centrate employed in this investigation were as follows: 6 kilos of 
casein were hydrolyzed with sulfuric acid in the usual fashion (cf. 
Berg and Rose, 1929). After the removal of the sulfuric acid, the 
resulting solution was concentrated in vacuo to a volume of about 
7 liters. During the concentration 994 gm. of the less soluble 
amino acids separated and were filtered off. The pH of the filtrate 
was now 4.8. 600 cc. of concentrated sulfuric acid were added, 
thus reducing the pH to 3.0. The solution was then extracted 
seven times with 30 liter portions of butyl aleohol. The extrac- 
tions were carried out at room temperature in large crocks in which 
the solution was violently agitated by two motor-driven stirrers 
operating in opposite directions. The combined extracts yielded 
approximately 340 gm. of amino acids, which showed only traces 
of activity, and were discarded. “During the extractions, the pH 
of the aqueous solution progressively diminished to 2.2. 

The sulfuric acid was then quantitatively precipitated from the 
water solution with barium hydroxide, and the barium sulfate 
was filtered off. The filtrate showed a pH of 6.8. This solution 
was subjected to eight butyl alcohol extractions of 30 liters each. 
The material so removed amounted to 286 gm., and carried the 
growth essential. It was dissolved in 1500 ce. of water, and trans- 
formed into the copper salts as described in the paper of Caldwell 
and Rose (1934). The solution of the copper salts was concen- 
trated in vacuo to a small volume, transferred to an evaporating 
dish, and thoroughly dried. 
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The ground copper salts were extracted twice with 800 cc. and 
600 cc. of water respectively. The combined water extracts were 
then concentrated to a small volume in vacuo. 


TaBLeE I 
Composition of Amino Acid Mizture 


VI 


During the evapo- 














Mixture IV-b 
Casein : : 
Active amino Aswll 
gm, gm. gm. 
Do cededkeascesevuaceseunent 0.45 0.50 0.50 
ie BEES Ee neers 5 1.85 1.90 3.80* 
I nubits Vairdditasee Swan esau 7.93 8.00 16.00* 
Rte etl ween aan en 9.70T 9.00 18.00* 
NEE eee eeree ye ? 4.00 8.00* 
EE EEE a a A ES ? 4.00 8.00° 
an os vata cchn sodeedens 7.63 8.00 8.00 
Hydromyproline. ...........0eses00- 0.23 0.30 0.30 
EE Cee er 3.88 0 0 
SF OT re 21.77 22.00 22.00 
Hydroxyglutamic acid............. 10.50 0 0 
EL cineca tahen wens se<eke 4.10 4.10 4.10 
EEE 6 oisc sek ask eensarkaesed 0.50 0.50 1.00° 
I ceendtes ctvceeedecnves es 4.50 0 0 
PR CS 20s Cia deine soNuaanevald ? 1.25 1.25 
ee eee 2.50 2.75 
“ ~ hydrochloride............. 3.40 
aah cs tak a5, ded awes 3.81 5.25 
ws hydrochloride. ........... 6.35 
Ms sap Pat deccateess os csvset 7.62 7.70 
“dihydrochloride. ........... 11.55 
ES ere rere rT re 1.50 2.25 2.25 
Sodium bicarbonate............... 12.86 
88.47 81.50 127.36 














* Racemic acids. 
t Includes isoleucine. 


t 1.563 gm. of mixture are equivalent to 1.0 gm. of “‘effective’’ amino 


acids. 


ration, 37 gm. of the less soluble copper salts crystallized out and 
were filtered off. The salts in the filtrate were decomposed by 
passing in hydrogen sulfide. 


On evaporation of the resulting 
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filtrate, some amino acids separated. They were recrystallized 
from water, and the filtrate was added to the main solution. 4.5 
gm. of amino acids rich in tyrosine were thus excluded. The 
solution was then treated with sufficient absolute alcohol to pro- 
duce 90 per cent by volume. The precipitate, which came down 
immediately, was filtered off, redissolved in water, and reprecipi- 
tated by the addition of absolute alcohol until a 90 per cent con- 


TaB.ez II 
Composition of Diets* 











Diet 8 | Diet 9 | Diet 10 | Diet 11 

gm gm. gm. gm. 
Amino acid Mixture IV-b................. 26.4; 23.4] 23.1] 23.2 
Supplement (concentrate from casein)... .. 3.0 3.0 3.0 3.0 
0 SRE EE er Se oe 0.6 0.6 0.6 0.6 
Glucosamine hydrochloride (d-)........... 1.0 1.0 1.0 1.0 
Godium hécarbomate...........ccccsscccccss 0.4 0.4 0.4 0.4 
NE es ho gs wh waeudasodteae 16.6 | 15.8| 17.8] 17.0 
EE Pr eneaesent Wr an ye tnmrnee: eee 15.0} 15.0; 15.0} 15.0 
EEE TELE ES COE ER POSS: 4.0 4.0 4. 4.0 
SE idicck dakGe on these Ceensye eee eeeeriens 2.0 2.0 2.0 2.0 
Soe bias ccna Dale ales ka Rin eds baa a eee 26.0 | 26.0) 26.0} 26.0 
ee alae beau 5.0 5.0 5.0 5.0 
ET errr rere 3.8 1.5 
| a ee ee Pee ae ee 2.1 1.3 

100.0 | 100.0 | 100.0 | 100.0 

















* Each diet contained 21 per cent of ‘‘effective’’ amino acids including 
glucosamine. The vitamin B factors were supplied in the form of two pills 
daily, each containing 75 mg. of milk concentrate and 50 mg. of tikitiki 
extract. We are indebted to Dr. G. C. Supplee of The Dry Milk Company, 
Inc., for the milk concentrate. 

t Osborne and Mendel (1919). 


centration had been secured. By this procedure 87 gm. of amino 
acids, which carried very little of the unknown substance, were 
removed. As pointed out previously (Caldwell and Rose, 1934), 
the unknown is insoluble in absolute alcohol, but dissolves in 
alcohol containing a moderate amount of water. The combined 
alcoholic filtrates were evaporated to dryness, yielding 98 gm. of 
active material. Duplicate determinations of tyrosine by the 
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Folin-Marenzi method (1929) showed the presence of 1.17 per 
cent. No adequate procedure was available for the estimation | 
of phenylalanine. 
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Cuart I. The numbers in parentheses denote the initial and final weights 
of the rats. w 


Amino acid Mixture IV-b was used in the preparation of the 
diets. The composition of this mixture is shown in Table I. As 
will be observed, it was made to imitate the composition of casein, 
with the exception that phenylalanine and tyrosine were omitted. 
Instead of natural leucine the dl form was employed. This was 
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necessary because of the fact that all of our preparations of 
lleucine showed the presence of traces of tyrosine. The other 
amino acids were purified until they gave negative tests. 
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Cuart II. The numbers in parentheses denote the initial and final 
weights of the rats. 


























Four diets were employed in the investigation. Their com- 
position is shown in Table II. Diet 8 was devoid of both phenyl- 
alanine and tyrosine, except for those quantities present in the 
supplement. Diets 9 and 10 contained amounts of phenylalanine 
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or tyrosine equivalent to the sum of these amino acids present 
in casein. Diet 11 contained both phenylalanine and tyrosine, 

It will be observed that 3 per cent of the concentrate of the 
unknown growth factor was present in each diet. This amount 
was adequate to induce very satisfactory growth when all other 
necessary materials were present in the food. Each diet supplied 
21 per cent of “effective”? amino acids including glucosamine. 
The vitamin B factors were furnished in the form of two pills 











TasBie IIT 
Average Daily Changes in Weight and Average Daily Food Intakes of Animals 
Average Average Average Average 
Litter | Rat No. |nays| hare food. | Diet |Litter | Rat No. Daye dante ood | Diet 
No. | and sex i y | con- No.*| No. | and sex in body | °2- No.* 
weight =—_ weight — 
gm. gm. gm. gm 
1 (2048 | 20} +1.90) 4.9 | 11 2 |2052 9] 20| +1.95) 6.7 | 11 
16 | —0.44) 3.1 8 16 | —0.94) 3.9 8 
2050 | 20 | +1.60) 4.5 9 2053 9) 20 | +1.85) 5.6 9 
16 | —0.38) 3.3 | 10 16 | —0.81; 3.9 | 10 
2051 9| 20 | +1.85) 4.5 9 2054 9) 20 | +1.65) 5.1 9 
16 | —0.56| 4.3f| 10 16 | —0.38) 3.6 | 10 
2058 | 20 | +1.55) 3.8 9 2056 o"| 20 | +0.10) 2.9 | 10 
16 | —0.38) 3.3 | 10 16 | +2.31| 5.9 y 
2047 | 20 0 2.5 | 10 2057 9| 20 0 2.2 | 10 
16 | +1.81) 3.2 9 16 | +1.81| 4.5 9 
2049 | 20 | +0.10) 2.1 | 10 
16 | +2.00) 4.6 9 






































* Diet 8, no phenylalanine, no tyrosine; Diet 9, phenylalanine; Diet 10, 
tyrosine; Diet 11, phenylalanine and tyrosine. 
¢t Some food scattered. 


daily each containing 75 mg. of milk concentrate and 50 mg. of 
tikitiki extract. Unfortunately, attempts to determine the tyro- 
sine content of the vitamin supplements were unsuccessful because 
of the highly colored products obtained after hydrolysis. 

The results of the experiments are shown in Charts I and II. 
In Table III are recorded the average daily change in body weight 
and the average daily food consumption of each animal. The 
upper curve in each chart shows the growth behavior of the ani- 
mals which first received both phenylalanine and tyrosine, and 
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later were deprived of the two amino acids. It is evident that the 
absence of the two compounds from the food leads to nutritive 
failure. The behavior of five animals which received added 
phenylalanine alone (Diet 9) indicates that just as satisfactory 
growth occurs under such circumstances as when both amino 
acids are supplied. However, the replacement of phenylalanine 
by tyrosine was followed invariably by a rapid loss in body weight. 
The lower two curves in each chart demonstrate the failure of the 
animals to grow when tyrosine alone is present in the food, and the 
rapid increase in body weight following the replacement of tyrosine 
by phenylalanine. 

The above results demonstrate quite conclusively that phenylalanine 
is an indispensable dietary component. The data also show that, 
under the conditions employed, tyrosine, despite its close chemical 
similarity to phenylalanine, is entirely unable to replace the latter. 
This observation was quite unexpected in view of the statements 
in the literature concerning the mutual interchangeability of these 
two amino acids. Evidently, tyrosine cannot readily undergo 
reduction with the formation of phenylalanine. 

The data do not disprove the possibility that tyrosine also may 
be an essential dietary component. As stated above, the active 
fraction carried 1.17 per cent of this amino acid. Doubtless the 
vitamin supplements also contained traces of tyrosine, although no 
definite information in this regard is available. On the basis of 
the content in the supplement alone it is evident that Diets 8 and 
9 supplied only 35 mg. of tyrosine per 100 gm. of the mixture. 
The food intakes of the rats upon these diets enable one to calcu- 
late that the daily consumption of tyrosine varied from 1.1 to 2.1 
mg. perday. Obviously, if tyrosine is an indispensable component 
of the ration the quantities necessary are extremely small. 

The inability of tyrosine to replace phenylalanine for purposes 
of growth raises the question as to the extent of absorption of the 
former from the alimentary tract. Its marked insolubility might 
possibly be responsible for extremely slow absorption. Indeed, 
Folin and Denis (1912) observed no increase in the non-protein 
and urea nitrogen of the blood following the injection of tyrosine 
into the intestine of a cat. More recently, similar findings have 
been reported by Kiech and Luck (1931-32) after the subcutaneous 
injection of tyrosine in rats. On the other hand, King and Rap- 
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port (1933) have made the remarkable observation that the intra- 
venous injection into dogs of as much as 5 gm. of tyrosine is fol- 
lowed by an almost complete disappearance of the amino acid 
from the blood within a period of 5 minutes. They state that the 
disappearance is associated neither with the deamination of the 
tyrosine, nor with the excretion of appreciable amounts of the 
amino acid or of phenols derived therefrom. Apparently, the 
failure to detect tyrosine or its decomposition products in the 
blood after the administration of the former may be due to a rapid 
storage of the compound. We expect at a later date to administer 
the sodium salt of tyrosine, both subcutaneously and orally, to 
animals on a phenylalanine-deficient diet. In the meantime, it 
seems improbable that failure in absorption is the explanation of 
our observations. 


SUMMARY 


By the use of a mixture of highly purified amino acids, supple- 
mented with a concentrate of our unknown growth essential, 
definite proof has been secured for the indispensable nature of 
phenylalanine. 

Under the conditions employed in our studies, tyrosine is totally 
incapable of replacing phenylalanine in the food. Probably this 
is not to be accounted for by inadequate absorption of tyrosine 
from the alimentary tract. 
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Of the three better known lipids, the fats are important as a 
supply of fuel and raw material. The phospholipids and choles- 
terol do not find their main usefulness as fuel but are apparently 
essential cell constituents, relatively constant in percentage, and 
not much affected by nutritional conditions (1, 2). Their univer- 
sal presence indicates their physiological importance, but their 
function is not yet known. Because of their oxidizability, earlier 
workers, for example, Koch (3) and Frankel and Dimitz (4), con- 
cluded that the phospholipids took part in oxidation, either by 
transferring oxygen directly or by acting as hydrogen acceptors. 
Later work by Meyerhof (5) and by Hopkins (6) and his asso- 
ciates showed that certain of the unsaturated fatty acids of phos- 
pholipids and the unsaturated phospholipids themselves take up 
oxygen readily through the agency of sulfhydryl compounds under 
suitable conditions but there is no proof that they can transfer this 
oxygen to other substances. 

Mayer and Schaeffer (7) wére the first to relate, experimentally, 
phospholipid content with physiological activity. They showed 
that in the case of the liver and sometimes the lung, the phos- 
pholipid content could be increased as the result of stimulation of 
the chemical heat-regulating mechanism of the body. 

Work in other laboratories since has indicated a marked positive 
correlation between physiological activity and content of phospho- 
lipid and cholesterol. Thus it was found in this laboratory (8) 
that the active corpus luteum had several times the phospholipid 
content of the developing or retrograding organ, as was also found 
by Kaufmann (9). The secreting mammary gland was found to 
have twice the phospholipid content of the resting gland (10). 
459 
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Yasuda and Bloor (11) found that malignant and rapidly growing 
tumors had a much higher phospholipid content than the slowly 
growing or benign tumors, a fact simultaneously found by Bierich, 
Detzel, and Lang (12). Work done in this laboratory on beef 
muscle (13) indicated that the more active muscles had a higher 
phospholipid content than the less active. Thus in all these tis- 
sues a high phospholipid content accompanied high functional ac- 
tivity. In general, changes in cholesterol accompany the changes 
in phospholipid but they are definitely less extensive, so that the 
ratio of phospholipid to cholesterol is generally higher in the more 
functionally active tissues. 

In developing further the concept of the connection of phospho- 
lipid with physiological activity, muscle seemed to offer the best 
experimental material because of its single function, which is to 
convert fuel into mechanical work, and because it is one tissue in 
which there are found naturally, or can be produced, wide differ- 
ences in extent of activity. In the present work the idea in mind 
was to select for comparison various muscles of different amounts 
of use in the same animal and the same muscle or muscle group 
which had been subjected naturally to widely different degrees of 
usage or training in different animals. The studies were carried 
out mainly on the laboratory rabbit and cat, and the wild rabbit, 
together with a few studies of hen muscles as compared with those 
of the pigeon and owl. 

Lipid analyses of muscle in the literature are few in number and, 
except for the heart, the muscle used is mostly specified only as 
“skeletal.” Phospholipid values are generally calculated from 
ether-soluble phosphorus, which, as has been shown by Le Breton 
(14), gives figures considerably too high. Values for phospholipid 
in heart muscle are among the highest of the muscles—they aver- 
age about 2 per cent (15-17). Pigeon pectoralis is also reported as 
high in phospholipid (18). Other skeletal muscles are much lower 
and quite variable (14-16, 18, 19). Cholesterol values reported 
for heart muscle are much higher (about twice) than for skeletal 
muscle (15, 20-22). 


Methods 


The analytical methods are those which have been worked out 
in this laboratory during the last 6 years (13, 16). The basis of 
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the methods consists of a wet combustion of the various lipids, a 
sulfuric acid-dichromate mixture being used with silver as a cata- 
lyst. After the oxidation is complete, the excess oxidizing agent 
is measured iodometrically and from the difference between this 
value and that of the similarly treated blank the amount of reagent 
used in oxidizing the fatty substances, and hence the amount of 
fatty material oxidized, is calculated. Since this mixture is a 
universal oxidant, the preparatory procedure consists largely of 
steps taken to isolate the substance to be measured. This oxida- 
tive procedure was used in determining fat, phospholipid, and 
phospholipid fatty acids. Cholesterol is measured by a modifica- 
tion of the familiar Liebermann-Burchard colorimetric procedure. 

The most important modifications in the original procedure con- 
sist in (a) the cooling of the oxidation mixture after the digestion 
and the dilution with ice-cold water, which together prevent the 
loss of iodine by volatilization after the potassium iodide has been 
added, and (b) the extraction of the tissue. The muscle (or other 
tissue) taken fresh from the animal, after being cut fine and ground 
with sand, is transferred quantitatively to a suitable flask and 
boiled out three times with alcohol or alcohol-ether for periods of 
about 3 minutes each, the extract being poured through a fat- 
free filter into a graduated flask. Finally the mixture and filter 
are washed with warm ether and the extract added to the flask, 
which is then filled to the mark with alcohol. The contents are 
well mixed. For most muscles 5 to 7 gm., made to 200 cc., are 
desirable; for heart or other muscle high in lipid, 3 to 4 gm. in 
200 ce. Of these extracts 20 to 25 ce. will yield lipid enough (3 to 
6 mg.) for all but phospholipid fatty acid determinations, which 
require about double that amount. The procedure for phospho- 
lipid fatty acids consists in separating the phospholipid as in 
phospholipid determinations, then saponifying it, and separating 
the fatty acids in petroleum ether. The fatty acids, whether 
from total lipid or phospholipid, are washed in petroleum ether 
with salt solution to remove non-fatty acids according to the pro- 
cedure of Man and Gildea (23). Dry weight of tissue was deter- 
mined by taking a weighed portion of the finely divided muscle on 
a watch-glass, covering it with alcohol, evaporating to dryness, 
drying for 3 hours, and completing the dehydration by leaving 
overnight in a vacuum desiccator, then weighing. 
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The animals used included eight laboratory and seven wild rab- 
bits, three cats, two roosters, two pigeons, one owl, and one jack- 
rabbit. The following data are omitted for the reasons indicated: 
(a) fat (neutral fat) content, omitted because it is not significant 
except in obtaining the corrected dry weight; (6) water content, 
which was close to 75 per cent in all the muscles; (c) iodine number 
of phospholipid fatty acids, which showed no constant differences 


TaBLeE | 
Lipid Content of Muscle of Rabbit (in Per Cent of Dry Weight) 























Phospholipid fatty acids Cholesterol 

Wild rabbit | /boratory Wild rabbit haheaeety 

ry z 

pia tPi eit] alti 

<|e |< Pe - 2 < 2 
Heart..............|5.2 |4.0-5.7| 6.1/4.0 -8.0/0.45/0.36-0.60)0. 57/0. 40-0.83 
Jaw................|8.2 |2.6-3.8) 3.8/2.6 -—4.5/0. 36/0. 23-0. 39/0. 38/0. 28-0. 63 
Diaphragm......... 3.2 |2.2-3.8] 3.0/2.3 -4.0/0.29)0. 20-0. 36/0. 47/0. 33-0.60 
Rd 6 Jot fea mewe 2.9 |2.5-3.8) 2.7/2.1 -3.0)0.31/0.26—0.39/0. 39/0. 30-0. 44 
ee ee 3.1 |2.6-4.2) 2.0 0.27/0.18-0.35)0.32 
Thigh ....|2.9 |2.5-3.4) 1.6/0.97-2.5/0. 25/0. 17-0. 33/0. 15/0. 12-0.8 
ARIE aS" 2.6 |2.2-3.0 0.25|0.15-0.27 
Stomach........... 2.6 |2.5-2.8 0.50/0.45-0.65 
Abdominal wall... ./2.5 |1.6-3.4| 1.3/0. 76-0.8/0.24/0. 12-0. 40/0. 24/0. 14-0. 40 
Back.............../2.4 |1.9-3.2} 1.2/0.90-2.8/0.22/0.17-0.33/0. 26/0. 22-0.30 
Forearm........... 2.36)1.8-2.7 0.27|0.08-0.28 
Pectoralis..........|2.2 |1.9-2.7 0.28/0.20-0.44 
Gastrocnemius.... ./2.1 |1.9-2.6) 1.7 0.22)0. 15-0. 28/0.25 
Intercostal. .. es 1.5 0.25 
Cutaneous......... 1.3 0.24 























in the various muscles, the values ranging from 120 to 150 with 
an average value of about 130; (d) data on laboratory cat muscles 
since, except as noted, they had about the same phospholipid and 
cholesterol content as the corresponding muscles in the laboratory 
rabbit ; (e) phospholipid, which is given as phospholipid fatty acids. 
It was found throughout the work on muscle that the fatty acid 
content of the phospholipid was regularly about 66 to 72 per cent 
when both phospholipid and phospholipid fatty acids were de- 
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termined by the oxidative methods. These values are close enough 
to the theoretical to show that the phospholipids present are ordi- 
nary lecithin and cephalin. The significant data are given in 
Tables I to ITI. 


DISCUSSION 


Rabbits 


Phospholipid—From the data in Table I the following facts are 
especially significant. The heart has the highest phospholipid 
content of all the muscles and is much the same in wild and labora- 
tory animals, thus agreeing with the findings of other workers. 
The jaw has the next highest value and is the same for both wild 
and laboratory animals. The diaphragm follows and is also 
practically the same in both animals. The neck comes next to the 
diaphragm in phospholipid and is practically the same in both. 

The other muscles, most of which are concerned in locomotion, 
all have a much higher phospholipid content in the wild rabbit, 
sometimes twice as high. Thus the phospholipid content of thigh 
muscles averages about twice as high, the back twice, the belly 
muscles twice, and the front leg 1} times as great. The muscles 
of the heart, jaw, neck, and diaphragm tend to form a group by 
themselves, with the highest phospholipid content, and are com- 
parable in composition in the wild and laboratory animals. The 
remaining muscles, especially those having to do with locomotion, 
are different in lipid content in the two varieties. In the wild ani- 
mal they are quite similar in composition among themselves and 
approach the values in the heart group, as though, given the same 
amount of use, muscles tend to have an optimum phospholipid and 
cholesterol content. In the laboratory animal the essential lipid 
(phospholipid and cholesterol) values of the muscles of locomotion 
are much lower than in the respiration-circulation group and lower 
than in the corresponding muscles of the wild animal. 

It may thus be seen that muscles such as those of the heart, 
diaphragm, jaw, and neck, which are in relatively constant use, 
have a higher phospholipid content than the muscles concerned in 
locomotion, especially in the laboratory animal. The heart is in 
a class by itself, being rarely approached in phospholipid content 
by other muscles. The muscles of locomotion in animals which 
make habitual, extensive use of them have a higher phospholipid 
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content than the same muscles in animals of the same kind which 
do not use these muscles extensively ; e.g., the muscles of the thigh, 
back, and belly of the wild rabbit have a much better phospholipid 
equipment than those of the laboratory rabbit. The same is true 
of the pectoral muscles of the pigeon as compared with those of the 
hen or of the mammals examined (Tables I and II). In one case 
the pectoral muscle of a pigeon had as high a phospholipid content 
as the heart of the same animal. 

Cholesterol—The cholesterol values are nearly the same for both 
wild and laboratory animals in the respiration-circulation group 
of muscles—heart, jaw, neck, and diaphragm. Of the other 
muscles the values for gastrocnemius, back, and arm are the same, 
while for the belly wall and thigh they are notably higher. Muscle 
of the stomach (smooth muscle) is notably higher in cholesterol 
than the skeletal muscles. The tendency of cholesterol is toward 
constancy and we do not find the extensive differences observed in 
the phospholipids. The phospholipid to cholesterol ratio is there- 
fore higher in the muscles of the wild rabbit than in the laboratory 
rabbit and in general higher in the more used muscles. 

Rather wide differences from animal to animal in phospholipid 
and cholesterol content, especially in laboratory rabbits, are to 
be noted, the standard deviations averaging about 20 per cent, a 
fact which may be referable to individual differences in activity. 


Other Animals 


Jack-Rabbit—This was a western jack-rabbit, bought at the 
public market, which had been kept frozen for an unknown time. 
The muscles appeared normal. The dry weight was slightly 
higher than for muscles of freshly killed animals, 27 to 31 per cent 
as compared with 23 to 27 per cent, but the phospholipid content 
and the relative values of the different muscles agreed very well 
with those of corresponding muscles in the wild rabbit. Thus 
phospholipid fatty acids in terms of per cent of dry weight were: 
heart 5.6 (5.2), jaw 2.6 (3.2), front leg 2.2 (3.1), back 3.0 (2.4), 
loin 2.6 (2.6), gastrocnemius 2.6 (2.1), thigh 2.6 (2.9) (the values 
in parentheses are those of the wild rabbit). Cholesterol values 
were uniformly lower than the average in the wild rabbit, although 
within the range of variation found. 

The results are useful in showing that the phospholipid of muscle 
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will stand considerable hard treatment without marked change in 
composition. The values, being in good agreement with those of 
the local wild rabbit, give support for the view that in animals 
under the same conditions of activity the phospholipid content of 
the muscles will fall within the same range of values, and that the 
phospholipid level is a function of activity of the muscle rather 
than of species. 

Cat—The animals used were three house cats which had been 
kept for at least 3 months in the animal house. In comparison 
with corresponding muscles of the laboratory rabbits only the 
following differences seemed significant. The jaw muscle of the 
cats had an average phospholipid content of 2.4 per cent as com- 
pared with 3.5 in the rabbit. The gastrocnemius had 2.1 per cent 
as compared with 1.6 in the laboratory rabbit and the thigh 1.2 


TasB_eE II 
Lipid Content of Pectoral Muscles of Birds (in Per Cent of Dry Weight) 





Pectoralis major Pectoralis minor 
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in the cat as compared to 1.6in the rabbit. The intercostal muscle 
had 2.3 per cent of phospholipid in the cat as compared with 1.5 in 
the rabbit, and the diaphragm 2.4 in the cat as compared with 3.0 
in the rabbit. These differences may probably be referred in all 
cases to differences in habits’of use of the muscles. Values for 
the other muscles, and for cholesterol, are not notably different in 
the two animals. 

Birds—The muscles of two pigeons, one small owl, and two 
roosters were examined, the roosters representing the non-fliers, 
the others being strong fliers (the pigeon flight exclusively rapid 
flapping, the owl slow flapping and soaring). Significant differ- 
ences in phospholipid and cholesterol content were found mainly 
in the flying muscles of the breast. The average values for the 
pectoralis muscles are given in Table II. 
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The correlation between the phospholipid content of the main 
flying muscle (pectoralis major) and the flying power is clearly 
shown. The pectoralis minor muscle gave results which were of 
the same order but the differences were less marked. With these 
may be compared the pectoral muscles of the wild rabbit (Table I) 
which had an average phospholipid value of 2.2 per cent of the 
dry weight. 


Notes on Muscles 


Respiratory Muscles (Diaphragm in Mammals and Abdominal 
Wall Muscles in Birds)—A significant relation between use or 
training and phospholipid content is shown in these muscles. As 
already mentioned, the diaphragm in mammals is one of the 
muscles which has regularly a high phospholipid content, 3.2, 3.1, 
and 2.4 per cent of dry weight in wild rabbit, laboratory rabbit, 
and cat, respectively, while the muscle of the abdominal wall in 
the same animals has values of 2.5, 1.3, and 1.5, respectively. In 
the birds, which have no diaphragm and in which the abdominal 
muscles take on the respiratory function, the values for these 
muscles are pigeon 3.4, owl 3.0, rooster 2.5—values which are the 
same as those for the diaphragm in the mammals. The abdominal 
muscles in birds, having taken on the respiratory function, have 
acquired the phospholipid content of the diaphragm. 

Smooth Muscle (Stomach and Gizzard)—Three samples of the 
entire stomach muscles of the wild rabbit, and four samples of 
rooster and pigeon gizzard were examined. Gizzard muscle was 
obtained easily but gastric muscle, because of its close adherence 
to the mucous coat, offered more difficulty. It was found that if 
the stomach after opening and cleaning was stretched inside out 
over a suitably sized round bottomed flask, the mucous membrane 
could be readily scraped off with a blunt knife. The values ob- 
tained average with little variation as follows: 
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The cholesterol content is much higher than in most of the skeletal 
muscles and the phospholipid to cholesterol ratio is correspondingly 
low. 

Red and White Muscle—In general, redness and lipid content of 
muscle vary together. We have not, however, found a close cor- 
relation between redness of muscle and its phospholipid and cho- 
lesterol content. Thus, those muscles with the highest lipid con- 
tent, such as heart, jaw, and neck, are invariably deep red. The 
pectoral muscles of the pigeon are deep red, those of the hen are 
white, and the phospholipid content of the pigeon pectoral muscles 
is 3 times that of the hen. On the other hand, the lipid content of 
the gizzard muscle of birds and of the stomach muscles of the rabbit 
is the same, although the gizzard muscle is dark red and the stom- 
ach muscle is pinkish or white. The thigh muscle of beef is a good 
red color, while its lipid content was among the lowest found (13). 

Phospholipid in Muscle in Terms of Body Weight—It is well 
known that when extra work is put upon a muscle it responds by 
hypertrophy, that is, by increase of the weight of that muscle in 
proportion to the body weight. The results given in this paper 
show that a normal hypertrophy means also an increased per- 
centage content of phospholipid and, to a less extent, of cholesterol. 
That is, the normal response to increased load is not only an in- 
crease in quantity of the muscle but an improvement in quality. 
Calculated on the body weight basis the phospholipid fatty acid 
content of selected muscles of the locomotor and the circulatory- 
respiratory group for two typical animals is given in Table III. 
With regard to these muscles, the trained wild animal is therefore 
immensely better supplied with phospholipid than the untrained 
laboratory animal. 

As an adaptation to increased muscular work, hypertrophy of 
the muscles is well recognized, as are also increased circulatory 
facilities, including hypertrophy of the heart muscle. As an aid 
to respiration a large increase in muscle hemoglobin has been 
found in trained muscle (24) by Whipple. To these responses to 
extra work may now be added an increased phospholipid content 
of those muscles which are concerned in the work. These include 
the muscles doing the work, and also the heart and the respiratory 
muscles. In the latter case the increased phospholipid may pro- 
vide the necessary improved facilities without the hypertrophy 
found in the other muscles. 
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Function of Phospholipid—The muscle that does much work is 
thus characterized by a notably higher phospholipid content than 
the muscle which is little used. The muscle that does much work 
differs from the one that does little, chiefly in that it burns more 
fuel, consumes more oxygen, and excretes more waste products, 
chiefly carbon dioxide and water. As fuel it burns what comes to 
hand, and since fat is richest in energy, it probably burns more fat 
if the work is strenuous or long continued so that the limited 
carbohydrate stores are exhausted. The conceptions of the func- 
tion of the phospholipids as discussed by Sinclair (25) are (1) as 
possible oxygen-transporting substances due to the ability of their 
double bonded carbons to take up and probably to transfer oxygen; 
(2) as intermediaries in the metabolism of the fats, which Sinclair 
regards as certain in the early stages of fat absorption and trans. 
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port, but doubtful in the later stages of combustion in the tissues; 
(3) as structural elements in tissues. (4) In addition there is 
probably an increased ability to transport fat in the cells owing to 
the solvent action on fat of the phospholipids. 

High phospholipid content would be useful to a hard working 
muscle in three of these ways. If phospholipid transports oxygen, 
the trained muscle would have two or three times as much of this 
oxygen-carrying substance as the untrained muscle. (It has also, 
as Whipple (24) has shown, 2 or 3 times as much muscle hemo- 
globin, which is also an oxygen carrier.) In a muscle burning 
more fat, the presence of increased phospholipid intermediaries, or 
of substances useful in fat transport, would be expected. Further- 
more, due to its ability to take up and store oxygen, the phospho- 
lipid content of muscle may be an important factor in the ‘“‘oxygen 
debt” which the muscle can contract. 
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SUMMARY 


As a result of a comparison of skeletal muscles of different extent 
of usage in the same animal, and of the same muscle subjected 
naturally to different amounts of use in different animals, it was 
found that the more used muscle had without exception a higher 
phospholipid content than the less used muscle. 

The differences in cholesterol content are in the same direction 
but not invariable, and not great, so that the phospholipid to cho- 
lesterol ratio is generally higher in the more used muscles. 

Muscles therefore follow the general rule observed for other 
tissues, that increased activity is accompanied by increased phos- 
pholipid and cholesterol content. The concentration of these sub- 
stances appears to depend on the amount and the nature of usage 
and to be relatively independent of species and of the location of 
the muscle. 

Smooth muscle (gizzard and stomach) has an average phos- 
pholipid but high cholesterol content as compared with skeletal 
or heart muscle, so that the phospholipid to cholesterol ratio in 
smooth muscle is definitely below that of skeletal. 

The iodine number of the phospholipid fatty acids showed no 
constant difference in the much used or little used muscles. 

The possible functions of phospholipid in muscle are discussed. 
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VITAMIN E 


II. STABILITY OF CONCENTRATES TOWARD OXIDIZING AND 
REDUCING REAGENTS* 


By H. 8. OLCOTT 
(From the Biochemical Laboratory, State University of Iowa, Iowa City) 


(Received for publication, August 18, 1934) 


Until vitamin E is isolated, information concerning its structure 
must be based largely upon the effect of various reagents on the 
activity of concentrates. It has been shown previously (4) that 
bromination or oxidation with KMn0O, inactivates vitamin E, 
but that acetylation, benzoylation, hydrogenation, or oxidation 
with AgNO; is without effect. The following experiments present 
data on the stability of the vitamin toward several reagents 
(Table I), the properties of a concentrate obtained from cotton- 
seed oil, and some comments on the ultra-violet absorption spectra. 
The method of assay has been described (4). Each test gestation 
was preceded by the typical resorption in a pregnant rat on a 
vitamin E-deficient diet. 


EXPERIMENTAL 


The different behavior of concentrates toward KMnQ, and 
AgNO; prompted an investigation of the effect of other oxidizing 
reagents. Oxygen gas containing approximately 10 per cent ozone 
was passed slowly through a petroleum ether solution of a con- 
centrate, for 4 hours. Amorphous material separated from the 
solvent. The petroleum ether was evaporated and the residue 
fed to several animals. No vitamin activity remained. A second 
concentrate was ozonized for 2 hours, without destruction of the 
vitamin. When the recovered material was again ozonized for 2 
hours, the activity was lost. 

* Presented in part before the Twenty-eighth meeting of the American 
Society of Biological Chemists at New York, March 31, 1934 (J. Biol. Chem., 
106, Ixv (1934)). 
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A measured amount of a chloroform solution of perbenzoic acid 
was added to a weighed quantity of a concentrate in chloroform. 
The mixture stood at 0° for 24 hours and was then titrated for 
excess perbenzoic acid. The amount of unsaturation indicated 
corresponded to an iodine number of 94. The material recovered 
by extraction with petroleum ether was inactive. Another concen- 








TaBLeE I 
Effect of Various Reagents on Vitamin E 
ee \~ neeell Concentrate* Treatment No. in litter 
mg 
5 C-59 None 8 
5, 20 = Chlorine 0, 0 
5, 10, 20 ” _ + Zn 0, 0, 2 
5, 13 7 Perbenzoic acid 0, 0 
10, 10 “ K ethylate 0, 0 
5, 5 C-65 None 5, 9 
5, 10 > Ozone 0, 0 
1 - HBr 11 
3, 5, 10 W-5-10 None 7, 13, 9 
11, 20, 50 si Iodine bromidet 0, 0, 0 
20, 20 “ “ “ Tt + Zn 4, 2 
10, 25 " Perbenzoic acid 0, 0 
10, 13, 50 » K amide 0, 0, 0 
10, 19 - HBr Ae 
15, 30 a Ozone (2 hrs.) 9, 8 
20 “ “ (4 “ ) 0 
10, 10, 20 = Hydrogent 6, 4, 4 
18 ” Bromine 0 
5 “ “ + Zn 4 














* The C concentrates are from crude cottonseed oil, the W from wheat 
germ oil. 

¢t Hanus solution. 

t Catalytic hydrogenation at 200° and 200 atmospheres pressure. 


trate, treated with perbenzoic acid at room temperature, was also 
inactivated. 

Evans and Burr passed hydrogen chloride into a methanol 
solution of a concentrate of vitamin E without destruction (2). 
Their experiment was repeated, dry hydrogen bromide being used 
instead. The solution darkened and the recovered material, 
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obtained by petroleum ether extraction of the partially diluted 
methanol, differed in color and consistency from the original 
concentrate. The vitamin was not affected. A second experi- 
ment gave similar results. 

Destruction by bromination has been described previously 
(2, 4). Chlorine gas was passed into a cold chloroform solution 
of a concentrate to saturation. The residue obtained on evapora- 
tion of the chloroform was inactive. Both brominated and chlo- 
rinated concentrates could be reactivated by the action of Zn 
and HCl in boiling methanol. The chlorinated material ap- 
peared to have suffered greater destruction. 

The resistance of concentrates toward hydrogenation has 
already been noted (1, 4). More drastic conditions than those 
previously used reduced the iodine number of the concentrate from 
104 to 70 but failed to destroy the vitamin activity. The concen- 
trate was hydrogenated in the presence of a nickel catalyst at 200° 
and under 200 atmospheres pressure.! 

Reduction was attempted also by means of potassium in liquid 
ammonia or ethyl alcohol. The recovered material was inactive, 
but it was found that reaction with potassium amide or potassium 
ethylate accomplished the same end. An ether solution of a 
concentrate was dropped into a liquid ammonia solution of potas- 
sium amide. The ammonia was allowed to evaporate sponta- 
neously, and the residue was extracted with water and petroleum 
ether. A second petroleum ether-soluble fraction was obtained 
after acidification of the aqueous layer. Neither fraction was 
active. Similar results were obtained when a concentrate was 
allowed to react with potassium ethylate. 

Wheat germ oil was considered the best source of vitamin E by 
Evans and Burr (2). Crude cottonseed oil has proved equally as 
satisfactory for the preparation of very active concentrates by 
the method previously outlined (4). The properties of one prepa- 
ration, Concentrate C-44, were: C, 81.6 per cent; H, 11.5 per 
cent; refractive index (20°), 1.509; iodine number, 90; boiling 
point, 195-220° (0.1 mm.); minimum dose, 2 to 3 mg. (compare 
Table IV (4)). Crude cottonseed oil contains approximately 0.7 
per cent unsaponifiable matter compared to 5.0 per cent for wheat 


1 | am indebted to Professor Homer Adkins of the University of Wiscon- 
sin for the hydrogenation. 
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germ oil, but the yields of very active concentrates are approxi- 
mately the same. 1 kilo of the crude oil will yield 0.5 to 1 gm. of 
material, usually sufficiently active for 5 mg. to allow the birth of a 
litter to a female rat on an otherwise vitamin E-deficient diet. 
Refined and hydrogenated cottonseed oils are also excellent sources 
of the vitamin (4). They have the added advantage of availability. 

A definite broad absorption band occurs in the ultra-violet 
absorption spectra of concentrates from wheat germ oil and cotton- 
seed oil, with a maximum at 2940 As Acetylation causes migra- 
tion to 2810 A. Oxidation with AgNO; destroys the band. Since 
neither reaction destroys the vitamin, it has been concluded 
tentatively that the absorption band is not connected with the 
vitamin content. The existence of this band in biologically ac- 
tive concentrates from wheat germ oil has recently also been 
reported by Bowden and his coworkers (3). 


I wish to thank Professor H. A. Mattill for his help with the 
animal assays. 


SUMMARY 


Vitamin E is destroyed by ozone, perbenzoic acid, potassium 
amide, potassium ethylate, and chlorine. Chlorinated and 
brominated concentrates may be reactivated by boiling with Zn 
and HCl in methanol. Hydrogen bromide does not attack the 
vitamin. 

Cottonseed oil is as satisfactory as wheat germ oil for the 
preparation of active concentrates. 

Concentrates of vitamin E exhibit a band in the ultra-violet 
absorption spectrum at 2940 A. apparently not connected with the 
vitamin activity. 
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2 I am indebted to Dr. D. C. McCann for aid in the ultra-violet absorp- 
tion spectra studies. A Hilger E-3 quartz spectrograph in conjunction 
with a sector photometer was used. 
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THE OXIDATION OF METABOLITES 


t III. THE MECHANISM OF THE OXIDATION OF FATTY ACIDS IN 
AN ALKALINE PHOSPHATE-HYDROGEN PEROXIDE SYSTEM 


, By EDGAR J. WITZEMANN 


(From the Department of Physiological Chemistry, University of Wisconsin, 
l Madison) 


(Received for publication, June 18, 1934) 


Although the mechanism of the oxidation of fatty acids in vivo 
is perhaps second in importance only to that of glucose, the details 
are far from clear. One reason for this is that these compounds 
are so resistant to oxidation in vitro. Paradoxically their resist- 
ance to oxidation by ordinary methods in vitro is apparently 
matched by their susceptibility to oxidation in vivo. In this paper 
a new method of oxidation, in which they are also susceptible in 
vitro, is described, and some results obtained by this method are 
briefly presented. 


Methods 


In previous work (1) it has been shown that the only known 
oxidation system that will complete the oxidation of a normal 
metabolite, such as glucose to carbon dioxide and water, under 
conditions not too remote from those existing in the organism, 
is a solution of hydrogen peroxide activated by disodium phos- 
phate. This catalytic system had been discovered in conjunction 
with work on the oxidation of butyric acid (2). In this work one 
of the difficulties encountered in working with non-volatile acids, 
such as a-hydroxybutyric acid, was that of getting complete re- 
| turns on the oxidation. This is due in part to the fact that hy- 
drogen peroxide is spontaneously decomposed in this system and 
to the fact that carbon dioxide is spontaneously lost from the 
solutions during oxidation at temperatures above room tempera- 
ture. The difficulties encountered finally made it clear that a 
closed system would have to be used, if the carbon dioxide formed 
475 
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was to be recovered. In order to do this effectively it was also 
necessary to raise the temperature of reaction from 40° or less 
(often room temperature) to that of the water bath. The con- 
ditions finally adopted may be described as follows: 

The reaction was carried out in a round bottomed flask equipped 
with a water-jacketed condenser, the top of which was connected 
with four wash bottles. The first of these contained water anda 
pinch of manganese dioxide, to decompose any hydrogen peroxide 
carried over. The second contained water only. These botties 
were designed to intercept and decompose hydrogen peroxide, 
which interferes with the quantitative recovery of the carbon diox- 
ide formed as barium carbonate, because of the formation of bar- 
ium peroxide. The remaining two wash bottles contained satur- 
ated barium hydroxide solution to intercept carbon dioxide. The 
last wash bottle was connected with the suction pump, and carbon 
dioxide-free air was circulated through the whole, by passing the 
air as it was drawn in through a large receptacle containing soda- 
lime. Interspersed between the soda-lime holder and the flask 
was a wash bottle supplied with barium hydroxide solution which 
served to control the absence of carbon dioxide in the entering air. 
The flask stood in a water bath which, during the oxidation, was 
heated to incipient boiling (+90°). 

In these studies the oxidation mixture uniformly consisted of 
5 or 10 cc. of a prepared solution of the substance to be oxidized, 
containing 0.25 gm. of the substance, 50 cc. of the phosphate so- 
lution or mixture in 0.3 m concentration, and 20 ce. of 30 per 
cent hydrogen peroxide. Sometimes multiples of this mixture 
were used. 


Analysis 


The analysis of the products of oxidation presented the expected 
difficulties and the results as given are good approximations. 

The solution remaining in the flask when oxidation was inter- 
rupted was transferred to a suitable distilling flask arranged for 
the passage of carbon dioxide-free air. The end of the condenser 
was equipped with an adapter and receiving bottle, so that the 
circulated air would be washed by water in this bottle. To the 
bottle the two wash bottles containing barium hydroxide used 
during the oxidation or two others containing fresh barium hy- 
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droxide were attached. First, any hydrogen peroxide present was ab 
removed by warming the distilling flask after adding manganese . 
dioxide and while circulating the carbon dioxide-free air. Some- 

times it was necessary to alkalinize the contents, if the mixture j 
was acid to litmus. When all remaining hydrogen peroxide had at 
been decomposed and the carbon dioxide evolved had been swept 
over, the cool contents of the flask were filtered to remove the 
manganese dioxide. The filtrate was now returned to the dis- 
tilling flask and after addition of an excess of syrupy phosphoric 
acid from a dropping funnel the volatile acids and carbon dioxide 
were distilled over. Distillation was interrupted when the phos- 
phoric acid approached a syrupy consistency. i 

All of the barium carbonate obtained was collected on an oven- #4 
dried tared filter and weighed on the filter after drying the precipi- 
tates in the same oven. This was calculated to carbon dioxide. — 

The treatment described below was not always fully carried out 
in the oxidations reported, but applies especially to the analyses 
reported in the last part of this paper. 

An aliquot portion of the distillate was titrated for acetone. 
Usually another portion was treated with alkaline silver oxide as 
follows: 10 ec. of a 10 per cent silver nitrate solution were placed 
in a magnesium citrate bottle. Silver oxide was precipitated by 
adding an excess of alkali. This was washed by decantation until ‘a 
free from alkali. 50 cc. of the distillate or wash water were placed 
in the bottle along with 10 cc. of 0.1 N sodium hydroxide. After 
being closed the bottle was placed in an oven at about 42° for 18 ; 
to 20 hours. The silver residues were then filtered off and the 
filtrate titrated for acetone. In this way, as was found by control 
experiments, more than 95 per cent of the acetaldehyde present 
is destroyed, while about 85 to-90 per cent of the acetone present 
escapes destruction and is recovered by the iodoform titration. 

The acetone figures given are usually based on the acetone titra- 
tion of silver oxide-treated distillates and wash waters. The re- 
sults as given are consistent among themselves and therefore cor- 
rect enough for comparative purposes. 

Volatile acids were determined and characterized by the method 
previously used. The remaining two-thirds of the distillate was 
diluted to a volume of 240 cc. in the flask used for this purpose 
((3) p. 231). Of this, 120 cc, were distilled off. This and the resi- 
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dual portion were titrated separately. The sum gave a figure from 
which the total volatile acid could be calculated. The portion 
volatilized in the first half was about 36.0 per cent, and so the acids 
recovered were almost pure acetic acid. 

The portion of the original acid subjected to oxidation and re- 
covered as acetone and as acetic acid was calculated. The car- 
bon dioxide formed as side products in each of these cases was cal- 
culated and subtracted from the total amount of carbon dioxide 
found. The remaining carbon dioxide was then calculated to the 
acid used, assuming that it had been derived by complete oxida- 
tion of the acid used into 4 molecules of carbon dioxide. The 
three numbers obtained in this way when added together gave the 
amount of the acid recovered in the form of oxidation products. 

The remaining analytical details have been suppressed in this 
report for the sake of brevity. 

Results on Oxidation of Fatty Acids—Since the work here de- 
scribed was carried out in a search for a method, the effectiveness 
of the method was tried with various fatty acids, such as formic, 
acetic, propionic, butyric, valeric, caproic, caprylic, capric, laurie, 
and stearic acids. It was evident that formic acid was readily 
oxidized to carbon dioxide, but that acetic acid was more resistant. 
On passing up the series beyond acetic acid, it was soon found that 
the only volatile acid product obtained was acetic acid. This acid 
was found to be the most resistant to oxidation of all the series. 
This was also indicated by the fact that the proportion of acetic 
acid obtained in the oxidation could be approximately 1 molecule 
for each molecule of fatty acid used, if the oxidation was inter- 
rupted at the right time. The yield of acetic acid diminished the 
longer the reaction mixture was heated. The major product in 
all cases was carbon dioxide, but in cases where as much as 85 per 
cent of the carbon present in the acid had been recovered as carbon 
dioxide, a portion of the remaining carbon was always recovered as 
acetic acid. This acetic acid could have been burned by adding 
more hydrogen peroxide, but there was no object in doing this, 
since control experiments with acetic acid had shown that it is 
burned. 

In the case of capric acid, for which so far results have been 
obtained more fully than for the others, 83.3 per cent of the carbon 
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E. J. Witzemann 479 
was recovered as carbon dioxide, 6.3 per cent as acetic acid (or 
31.7 per cent of the calculated yield), and about 10 per cent of the 
carbon appeared reactive in the Lieben iodoform titration. If 
we disregard the last figure, the recovery was 89.6 per cent of the 
capric acid used. Further study showed that the iodoform-yield- 
ing material was mostly acetaldehyde. 

Somewhat similar results were obtained with stearic acid. 

The almost complete absence of acetone and its homologues 
among the products of oxidation of these two acids was quite un- 
expected, and a thorough study of the members of the series will 
be required to answer the questions raised. 

Influence of Unsaturation upon Oxidation of Butyric Acid and 
Related Compounds—There is a well known view that the oxida- 
tion of fatty acids in the organism is initiated by a dehydrogena- 
tion or unsaturation of the acid in question. Having found a 
system in which fatty acids could be oxidized, we felt it worth 
while to determine what the effects of unsaturation are under such 
conditions. This could be determined in the case of butyric acid 
and the related compounds because the behavior of butyric acid 
is pretty well understood. If we assume that unsaturation occurs 
at the points in the fatty acid molecule that are most reactive, we 
would get the following. 


CH;-CH:-CH:-COOH 


| Butyric \. 
/ 
Lf \ 
CH;-C-CH.-COOH = CH;-CH-CH-COOH = CH;-CH:-C-COOH 
AN (I) | Jif ap AN (UD 
CH;-CH:CH-COOH 
* a-Crotonic 


Of course (I), (II), and (III) are hypothetical intermediates and 
a-crotonic acid is the more stable or equilibrium form for these. 
The establishment of the existence of the three active forms could 
only be achieved indirectly. Likewise the closed formula of a- 
crotonic acid does not restrict its behavior, but merely suggests 
some of its most striking properties. 

Previous workers have realized this situation more or less clearly. 
In 1912 Dakin (4) summarized the existing data, and in 1915 
Hurtley (5) dealt much more fully with the assumption that an 
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unsaturated fatty acid is formed as the first step in the oxidation 
and represented his ideas in the accompanying scheme.' 


CH;CH:CH-COOH 


{+0 
CH; om om CH; - CH: CH, 
| | | 
CHOH CO -—COH CH. CH ->CH: CH; 
~- wh Ores | | 


CH.+H, CH, «< CH CH’ COH «<CO+H: CHOH 
| 


| | 
COOH COOH COOH COOH COOH COOH COOH 
(VI) (V) (II) (1) (III) (IV) (VID) 


Hurtley unfortunately was not in a position to prove that any- 
thing like the reaction mechanism above actually exists. He did 
not know that the enol form of a-ketobutyric acid may lose 2 
carbon atoms under certain conditions (3, 6) and so give the same 
final result as that attributed to 6-ketobutyric acid, and that it is 
therefore possible to study the scheme that he set up experimen- 
tally and learn to what degree these suggestions and some others 
contained in his paper are true in vitro. 

The problem then was to study the oxidation of butyric, a- 
crotonic, and a- and 8-hydroxybutyric acids comparatively, in the 
oxidation system described above, to determine whether this 
scheme of Hurtley can be founded in fact. Some of the results 
obtained are given in Table I in a condensed form. The results 
are calculated in such a way as to give the amount of the original 
substance recovered in the form of the various products. The 
data for acid recovered may thus be compared with the amount 
of the acid in question used. 

The data presented in Table I lead to the following general 
considerations. 

1 It should be stated in fairness to Hurtley that for him this was essen- 
tially a detail in an interesting and hypothetical scheme. He did not know 
whether (I) is formed or not; (II) and (III) are also hypothetical, but of 
course undoubtedly exist under suitable conditions; (V) is found in the 
form of acetone and, since only about one-half of the butyric and crotonic 
acids appears in this end-product, the existence of (IV) seemed justified 
as a probable path of further demolition, which he considered presumably 
in both cases to take place by way of (VI) and (VII). 
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For each substance the results of the analysis are arranged in 
the order of the amount of acetone and acetic acid recovered. 
This is usually accompanied by an increase in the total or complete 








TaBLe I 
Oxidation of Fatty Acids, Showing Amount of Products Found and Acid 
Recovered 
Experi- stone | Acetic : 
Acid used = |Amount} —eet ws 4 sae Acid recovered 
gm. gm. gm. gm. gm. 
a-Crotonic | 0.23 1 |0.087 | 0.179 Oxidation incomplete 
0.23; 2 (0.059 | 0.122 | 0.045 0.226 
0.23; 3 |0.053 | 0.115 | 0.095 0.263 
0.23 | 4 (0.021 | 0.081 | 0.129 0.2% 
Butyric 0.25; 1 {0.102 | 0.113 | 0.04 0.255 
0.25; 2 |0.084 | 0.073 | 0.099 0.256 
0.25; 3 (0.042 | 0.078 | 0.105 0.225 
B-Hydroxy- | 0.50 1 {0.326 | 0.117 Incomplete 
butyric 0.25; 2 (0.122 | 0.064 | 0.044 0.230 
0.25; 3 (0.115 | 0.03 | 0.131 0.276 
0.25 4 (0.104 | 0.085 | 0.076 0.261 
0.25; 5 (0.099 | 0.033 | 0.154 0.286 
a-Hydroxy- | 0.50 1 0.146 | 0.36 0.506 
butyric 0.25; 2 (0.014 ?} 0.12 | 0.114 0.23 
0.25; 3 (0.014 ?} 0.115 | 0.114 0.243 
0.25 | 4 (0.014 ?) 0.111 | 0.075 0.20* 
0.25; 5 {0.02 ? | 0.100 | 0.062 * 0.182* 























* These results are included because they illustrate the importance of the 
rate of decomposition of hydrogen peroxide in these oxidations. Pre- 
sumably the peroxide was decomposed a little more rapidly here and so 
some unchanged a-hydroxybutyric acid remained, which does not appear 
in the analysis. When the pH is somewhat lower, asin the results reported 
in Table II, the decomposition of hydrogen peroxide into oxygen and 
water is greatly retarded. Moreover, although the oxidation is slower 
it is more complete. It would have been possible to select data of other 
oxidations that came out well, but they would not have brought out this 
rather interesting point. 


oxidation to carbon dioxide, owing to the fact that in this system 
sodium acetate is slowly oxidized to carbon dioxide. It is ob- 
vious therefore that the results are also arranged (usually) in the 
order of the degree of completeness of oxidation. 
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When the results given for a-crotonic acid and for butyric acid 
are compared, it is evident that the data are quite similar. This 
confirms Dakin’s view that unsaturated fatty acids undergo oxida- 
tion in a manner resembling that of the saturated acids, at least 
so far as the 4-carbon acids are concerned. Closer scrutiny of the 
results shows, however, that the yield of acetone tends to be some- 
what greater with butyric acid, while the yield of acetic acid tends 
to be greater with a-crotonic acid. 

Similarly, when we compare the data obtained with a- and £- 
hydroxybutyric acids, it is clear that the former gives rise to much 
acetic acid, while the latter gives rise to much acetone. The smal] 
amount of material that yields iodoform in the oxidation of a- 
hydroxybutyric acid is not acetone, and apparently not acetalde- 
hyde. Its nature is not known at present. 

The fate of these two hydroxy acids in our oxidation system is 
so different that it is evident that Hurtley’s interpretation of the 
oxidation of a-crotonic acid is correct, in principle at least. The 
products of oxidation of a-crotonic acid are accordingly those that 
would be obtained if it were a mixture of a- and 6-hydroxybutyric 
acids; 7.e., it is oxidized as if water had been added to the double 
bond in such a way as to give almost equal amounts of a- and §- 
hydroxybutyric acids in place of the a-crotonic acid used. There 
is, however, no reason to believe that this occurs in this case, and 
so from the standpoint of interpretation it is better to assume 
simply as Hurtley does that the oxidation of the double bond in 
a-crotonic acid is initiated in two different ways that lead to two 
different final results. The oxide ring formula is merely Hurtley’s 
device for representing this flexibility graphically. 

The fact that under our conditions the ratio of the amount of 
a-crotonic acid undergoing oxidation as though a-hydroxybutyrie 
acid had been used to the amount undergoing a fate comparable 
with that of 8-hydroxybutyric acid is nearer 4:6 than 1:1 is merely 
a detail. Under other conditions the ratio is changed, as will be 
shown below. 

But our data also appear to permit us to go further and declare 
that the a- and $-ketobutyric acids formed as_ intermediates 
also exist and react as the enols (CH;-COH:CH-.COOH and 
CH;-CH:COH-.COOH), because it is through these enols that the 
acetic acid production occurs. It is possible that so far as ease of 





















































oxidation is concerned these two compounds are quite similar and 
that the final results of oxidation for both of them may be the 
same. Moreover, the intermediate product of oxidation in this 
ease would presumably be a,8-diketobutyric acid, CH;-CO-.CO. 
COOH. If this acid was oxidized in its keto form, it would yield 
a molecule of acetic acid and 2 of carbon dioxide. If, however, 
it underwent enolization, it would presumably give rise to 4 mole- 
cules of carbon dioxide. 

The above suggestions would account for any similarity in the 
results for a- and 8-hydroxybutyriec acids. The difference in re- 
sults would arise mainly from the formation of acetone from the 
§-ketobutyric acid present in the keto form. 

Dakin and all subsequent workers always found the products of 
a oxidation as well as of 8 oxidation among the products of oxida- 
tion of butyric acid. The assumption of the preliminary forma- 
tion of an unsaturated compound like a-crotonic acid simplifies the 
interpretation of this result. Moreover, it brings it into harmony 
with certain aspects of Wieland’s theory. 

It was noted that, in the system used, a-crotonic acid is appreci- 
ably more readily oxidized than butyric acid. No quantitative 
measurements were made but carbon dioxide was evolved more 
promptly and oxidation was presumably complete sooner. The 
difference was not as striking apparently as that noted in the re- 
sults obtained under the conditions of the following section, but 
it was definitely observed. 

Influence of Other Conditions on Oxidation of Butyric Acid and 
Related Compounds—Having established with some degree of cer- 
tainty what happens to a-crotonic, butyric, and a- and 6-hydroxy- 
butyrie acids in the phosphate-peroxide systems under fairly con- 
stant conditions that had been found to be favorable to oxidation, 
we wished to learn whether and to what extent this behavior is 
modified by changing the hydrogen ion concentration of the sys- 
tem. The results of these experiments are given in Table II. 

In previous work it was found that the point of rupture of a 
fatty acid undergoing oxidation shifts with changing conditions.? 

* Some time ago Magnus-Levy and Meyer ((7) 1911) suggested that possi- 
bly the formation of the acetone bodies is not obligatory in the oxidative 
metabolism of fats, but that there may be a facultative shift or change in 
the manner of oxidation. Later ((7) 1925) they abandoned this suggestion, 


but not before Hurtley had developed a more detailed suggestion referred 
to above. 
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The experiments described above were repeated under such 
changed conditions as occur when the composition of the phosphate 
solution was changed. The results obtained are summarized in 
Table II. For comparison certain data from Table I are included. 

The results with these four compounds show that at somewhat 
higher hydrogen ion concentrations than those used in the pre- 








TABLE II 
Oxidation of Fatty Acids, Showing Amount of Products Found and Acid 
Recovered 
Acid used | NazHPO«| NaltsPO. | A&y° a fincles,| Acid recovered 
ee, ce. gm. gm. gm. gm. 
a-Crotonic 50 0.053 | 0.115 | 0.095 | 0.263 
20 30 §=|0.038 | 0.046 | 0.190 | 0.274 
20 30 0.008 | 0.075 | 0.178 | 0.261 
10 40 (0.014 | 0.062 | 0.187 | 0.263 
a-Hydroxy- 50 0.014 ?} 0.12 | 0.114 | 0.23 
butyric 50 0.012 ?/ 0.12 | 0.077 | 0.21 
20 30 = 0.016 ?| 0.042 | 0.202 | 0.26 
20 30 = {0.029 ?| 0.049 | 0.192 | 0.27 
10 40 {0.028 ?| 0.067 | 0.175 | 0.27 
Butyric 50 0.102 | 0.113 | 0.04 | 0.255 
50 0.042 | 0.078 | 0.105 | 0.256 
20 30 0.079 | 0.029 | 0.099 | 0.207 Incomplete 
10 40 (0.089 | 0.116 | None | 0.205 ° 
10 40 (0.073. | 0.058 | 0.112 | 0.243 
8-Hydroxy- 50 0.122 | 0.064 | 0.044 | 0.230 
butyric 50 0.104 | 0.085 | 0.076 | 0.261 
20 30- (0.105 | 0.054 | 0.106 | 0.265 
20 30 0.077 | 0.027 | 0.153 | 0.257 
20 30 0.076 | 0.019 | 0.164 | 0.259 
10 40 0.09 0.08 | 0.079 | 0.249 
10 40 (0.093 | 0.022 | 0.126 | 0.241 























vious series there is a distinct change from the relationships found 
there. A comparison of the data given shows that, with moderate 
amounts of sodium dihydrogen phosphate, a-crotonic acid is 
oxidized as though it were composed largely of a-hydroxybutyri¢ 
acid. That is, there is much less evidence of so called 8 oxidation 
as indicated by the formation of less acetone than under the more 
alkaline conditions. This is not due to the destruction of the sup- 
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posed intermediates, because acetone is oxidized with difficulty 
in this system; acetoacetic acid is readily decomposed into acetone 
and carbon dioxide, and, as is shown, 8-hydroxybutyric acid so 
far as acetone production is concerned is fairly resistant to oxida- 
tion under these conditions. In fact, the result is the reverse of 
the expected behavior and cannot be fully interpreted at present. 

A comparison of the ease or velocity of oxidation of these four 
compounds shows that a-crotonic and a-hydroxybutyrie acids 
were both much more easily oxidized than the other two. 

In a similar way the oxidation of butyric acid resembles that of 
§-hydroxybutyric acid under these conditions, both as to difficulty 
and as to the composition of the products. This conclusion is 
based on the relatively large yield of acetone obtained from both 
substances. 

The difference in relative ease of oxidation of these substances 
is one of the most striking differences observed and cannot be re- 
corded in Table II. After having oxidized these substances many 
times, the writer would readily undertake to identify the individual 
acids as belonging to one of the pairs, under these conditions, by 
this property alone. 

The results are also interesting because they constitute evidence 
for another shift in the mechanism of the oxidation of a fatty acid, 
that differs from the two previously reported. Whereas a shift in 
the oxidative mechanism was previously obtained by changing the 
length of the chain or the alkalinity of the solution, this one is 
produced by making two changes at once; 7.e., by unsaturating the 
fatty acid, namely butyric acid, and at the same time changing the 
hydrogen ion concentration from pH 8.0 to 9.0 to pH 6.0 to 7.0. 
This shift can be chemically described as a change such that a- 
crotonic acid is oxidized as though it were largely composed of a- 
hydroxybutyric acid. 

The fact that the mechanism of the oxidation of butyric acid and 
of hydroxybutyric acid is not so markedly changed by this change 
in hydrogen ion concentration is interesting from another point of 
view. It shows that the intermediate detailed mechanism of the 
oxidation of these substances (butyric acid especially) is not wholly 
the same as that for a-crotonic acid. 

Moreover, it is interesting to note, in view of the prevailing idea 
that unsaturation is the first step in the normal oxidation of a 
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fatty acid in vivo, that the oxidation in this case is not restricted 
to a single mechanism. The data show that if the conditions 
favoring what might be regarded as the normal mechanism are 
changed, the process of oxidation may continue by another 
mechanism. 

One striking fact about these oxidations is that in those carried 
out at the lower hydrogen ion concentrations there is a greater 
tendency to a large production of carbon dioxide if the oxidationis 
pushed to the limit. Under these conditions oxidation is some- 
what slower, hydrogen peroxide is decomposed more slowly, and 
oxidation is more complete. The indications are that there are 
fundamentally two reactions involved. 


(1) acetic acid + 2CO, 


4-Carbon acid (2) acetone + CO, 


Of course (2) is not involved in the oxidation of a-hydroxybutyrie 
acid, so this accounts for the immediate preponderance of (1). 
Acetone is volatile and collects in the wash bottles and largely 
escapes oxidation in this way. That remaining in the reaction 
flask is slowly oxidized, which accounts for the measurable diminu- 
tion of acetone observed coincident with increased carbon dioxide 
production. Under these conditions the acetic acid is slowly oxi- 
dized to carbon dioxide, which accounts for the decrease of acetic 
acid associated with carbon dioxide increase. 

Further experimental interpretations of these facts may be ex- 
pected in subsequent work. 

Other oxidations were carried out with sodium hydrogen phos- 
phate alone, but in these cases the oxidations were very slow and 
so incomplete that satisfactory analyses were not obtained. The 
results are therefore not given. 

Other oxidations were also carried out in which portions of 
disodium phosphate were replaced with trisodium phosphate. In 
these cases also the oxidation was incomplete, owing perhaps to 
the rapid decomposition of the hydrogen peroxide. The results 
are therefore not given. 


SUMMARY 


A method has been described by which fatty acids can be rather 
readily oxidized. 
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This oxidation results in an unexpectedly large part of the mole- 
cules being oxidized to carbon dioxide in the case of two higher 
fatty acids studied in some detail. 

The great production of homologues of acetone was not realized. 

A comparative study of the fate of a-crotonic, butyric, and a- 
and 6-hydroxybutyric acids shows that under the conditions used 
the fate of a-crotonic acid resembles that of butyric acid, but that 
it is more readily oxidized. Comparison of the results obtained 
with these two acids with those obtained with the two hydroxy 
acids shows that the two former burn as though they were mixtures 
of the two hydroxy acids; 7.e., as though oxidation had been initi- 
ated on both the a- and 8-carbon atoms. 

When the oxidation was carried out at somewhat higher hydro- 
gen ion concentrations, the oxidation of a-crotonic acid resembled 
closely that of a-hydroxybutyric acid in the same conditions. The 
major product in these cases is carbon dioxide. Likewise, the 
oxidation of butyric acid resembles that of 6-hydroxybutyric acid 
more closely and yields a much larger proportion of acetone as 
evidence of the so called 8 oxidation. 

These data are interpreted as evidence of a shift in the mecha- 
nism of oxidation of a-crotonic acid, the details of which cannot be 
fully given at present. 
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ARACHIDONIC ACID IN BUTTER FAT 
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(From the Laboratory of Physiological Chemistry, the Ohio State University, 
Columbus) 


(Received for publication, July 19, 1934) 


In a recent communication from this laboratory (1) concerning 
studies of butter fat, the presence of highly unsaturated acids of 
the arachidonic acid type was reported. The small amount of 
material available at that time prevented a further investigation 
into the identity of these acids. Since then the pure butter fat as 
obtained from 125 pounds of butter has been esterified and the 
esters subjected to careful fractional distillations. This paper is 
a report upon some of the constituent Ceo fractions. 

The preparation of the pure butter fat, its esterification, and 
the subsequent distillation of the methyl esters were conducted 
in the manner previously reported (1), except that the final dis- 
tillations were made at a pressure of 5 mm. of mercury. 





EXPERIMENTAL 


Separation of Saturated from Unsaturated Acids by Lead Soap- 
Ether Method—The saturated and unsaturated acids in the several 
fractions were separated by the well known lead soap-ether 
method, after the removal of any unsaponifiable matter present, 
and the lead soaps thus obtained were converted into acids in the 
usual manner. The saturated acids were crystallized twice from 
acetone in order to remove any unsaturated acids which might 
have been present. The two series of acids thus obtained were 
examined and the results will be found in Table I. 

The saturated acids were subjected to a series of fractional erys- 
tallizations from acetone and were thereby resolved into three frac- 
tions. Fraction 1 had a molecular weight of 284, melted at 69° 
uncorrected, and was identified as stearic acid. Fraction 2 had a 
mean molecular weight of 302, melted at 66° uncorrected, and 
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upon being acetylated was found to have an acetyl value of 22.6, 
The amount of material obtained in this fraction was so small that 
the positive identification of the hydroxy acid was not possible, 
The fraction was probably a mixture of stearic acid, hydroxystearie 
acid, and behenic acid. Fraction 3 had a molecular weight of 343, 
melted at 80°, and was considered almost pure behenic acid 
(C22H.,O2). This confirms the previous finding of Bosworth and 
Brown (1) as to the presence of behenic acid in butter fat. It is 
to be noted that no fraction was obtained which would indicate 
the presence of arachidie acid (C2pH 402). 

The figures for the mean molecular weights of the unsaturated 
acids indicate that they are mixtures of acids of the Cis series and 











TaBLe I 
Data Obtained from Examination of Acids As Separated by Lead Soap-Ether 
Method 
Unsaturated acids 
Poggein Pp. stern) cies | weighe figteted seit —— 
—_ I No. 
*C. gm. 
1 185-190 Cis-Coo 650.0 287 286 99.7 
2 190-195 Cis-C20 104.0 287 295 108.8 
3 195-200 Cis-Cr0 100.0 290 299 120.7 
4 200-205 Cis-C20 73.0 296 298 121.4 
5 205-210 Ci s-Coo 65.0 305 305 132.8 
6 210-215 Cro 14.5 312 317 141.0 























acids of greater molecular weight than those of that series. The 
iodine numbers show that unsaturated acids with more than one 
double bond are present. 

Separation of Unsaturated Acids into Two Fractions by Barium 
Soap-Benzene Method—The unsaturated acids prepared by the 
lead soap-ether separation were converted into barium soaps and 
then subjected to the barium soap-benzene separation, which 
gave two sets of acids for each fraction. These were examined 
and the results are given in Table II. 

The mean molecular weights for the acids obtained from the 
barium soaps which were insoluble in benzene indicate that they 
are mixtures of acids of the C,s and C29 series. ‘The iodine numbers 
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of Fractions 1 to 3 indicate that they contain some acids with more 
than one double bond. This was proved by the fact that they 
yielded insoluble polybromides when brominated in cold ether. The 
figures for Fractions 4 and 5 are so close to the theoretical figures for 
gadoleic acid (theory, molecular weight 310, iodine number 81.9) 
that they seem to substantiate the previous guarded statement of 
Bosworth and Brown (1) with reference to the presence of this 
acid in butter fat. The amount of material remaining after the 
analyses were completed prevented a more positive identification 
of this acid. 


Tas.e II 
Data Obtained from Examination of Unsaturated Acids As Separated from 
Fractions by Lead Soap-Ether Method, Followed by Barium 
Soap-Benzene Method 

















Acids from barium soaps 
Fraction No. - Genus Insoluble in benzene Soluble in benzene 
Mean mol. wt. I No. Mean mol. wt. I No. 
~~. 

1 185-190 288 93.3* 298 118.6 
2 190-195 289 91.7* 300 115.0 
3 195-200 294 91.2* 307 139.6 
4 200-205 297 87.3 309 132.0 
5 205-210 300 74.0 314 136.5 
6 210-215 Tt tT 148.6 

















* Upon bromination these acids gave small amounts of insoluble poly- 
bromides. 
t Yield was not sufficient for analysis. 


The mean molecular weights for the acids obtained from the 
barium soaps which were soluble in benzene indicate that Frac- 
tions 1 to 3 are mixtures of unsaturated acids of the Cis and Coo 
series. The iodine numbers indicate the presence of acids with 
more than one double bond. All these acids yielded ether-insol- 
uble polybromides which proved that highly unsaturated acids 
were present. 

Bromination of Highly Unsaturated Acids—The acids obtained 
from the barium soaps which were soluble in benzene were dis- 
solved in cold ether and brominated in the usual manner. The 
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insoluble bromides were removed, washed with ether, and dried 
at 60°. These ether-insoluble bromides were separated into two 
fractions, those soluble in benzene and those insoluble in benzene. 
The ether solution of the ether-soluble bromides was heated to 
expel the ether and petroleum ether was added. The insoluble 
bromides which settled out were removed, washed with petroleum 
ether, and dried at 60°. By this procedure the brominated acids 
were separated into three fractions which upon examination gave 
the data for Table III. All bromine determinations reported in 
this paper were made by the Carius method. 

The bromine content of the bromides separated from the several 
fractions is so high that the presence of acids with two or three 
double bonds seems to be excluded. The close agreement for the 











Tas_eE III 
Data Obtained from Brominated Acids 
Acid bromides M p. Bromine 
4 per cent 
Insoluble in petroleum ether, soluble in ether... 162 66.4 
- “ both petroleum ether and ether, 
UR ciivvus batieyodeden ihe cess 208 66.6 
Insoluble in all three solvents (petroleum ether, 
Oe Oe ae eee 262 66.7 
Theory for octabromoarachidic acid............ 67.7 











bromine content of the three products indicates however that they 
are all octabromoarachidie acid. Their different solubilities in 
the solvents used, together with their different melting points, in- 
dicate that there are at least three isomers present. In order to 
obtain more information about this possibility the following ex- 
periment was performed. 

Bromination of Pure Arachidonic Acid—Through the courtesy 
of Dr. W. C. Ault of this department we were able to secure & 
large sample of pure arachidonic acid. This acid was brominated 
in cold petroleum ether in the usual manner; the insoluble bro- 
mides which settled out were removed, washed several times with 
petroleum ether, and then dried at 60°. A sample of these was 
removed for examination and the remainder was separated into 
three fractions in the following manner. They were first extracted 
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with hot ether to remove the ether-soluble bromides. The residual 
ether-insoluble bromides were then extracted with hot benzene to 
remove benzene-soluble bromides, leaving the benzene-insoluble 
bromides. The ether containing the ether-soluble bromides and 
the benzene containing the benzene-soluble bromides were evapo- 
rated to dryness. The products thus obtained were heated in a 
vacuum oven at 60° to remove the last traces of the solvents. 

These three products and the sample of the original bromides as 
separated from the petroleum ether were examined and the results 
will be found in Table IV. 

Attempts to determine the melting points of the bromides by 
the ordinary procedure of subjecting them to a gradual increase of 

















TaBLe IV 
Data Obtained from Brominated Arachidonic Acid 
Acid bromides M_p. Bromine 

Original preparation insoluble in petroleum *C. per cont 

I sininth oan natn hac adie ammmckmid dale each 227-229* 66.5 
Fraction 1. Insoluble in petroleum ether, solu- 

Se ONIN ou Gl tc ce rcnc bec uwweametauee ss 157 66.5 
Fraction 2. Insoluble in both petroleum ether 

and ether, soluble in benzene. . ’ 198 66.4 
Fraction 3. Insoluble in all three solvents (pe- 

troleum ether, ether, and benzene)........... 257 66.7 
Theory for estabvomoarachidie Tc oc bameed 67.7 

* Decomposed. 


temperature failed, as they decomposed with no sign of melting. 
When the closed ends of melting point tubes containing some of the 
bromide under examination Were immersed in the sulfuric acid 
bath at various temperatures, a temperature was finally found at 
which the bromide instantly melted, and this was usually imme- 
diately followed by decomposition and the evolution of gas. The 
melting points given in Tables III and IV were determined by this 
method. 

The figures in Table IV show that arachidonic acid, when 
brominated, gives at least three isomers which may be separated 
by the use of the three solvents, petroleum ether, ether, and ben- 
zene. The close agreement between the figures in Tables IIT and 
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IV makes us feel justified in saying that the bromides secured from 
our butter fat fractions as reported in Table III are isomers of 
octabromoarachidic acid. This is more conclusively proved how- 
ever by the following experiments. 

Reduction of Bromides to Arachidonic Acid—Some of the in- 
soluble bromides obtained by bromination in cold petroleum ether 
(i.e. a mixture of all three isomers) were reduced to unsaturated 
acids, in ethyl alcohol, by the use of zinc and a few drops of hy- 
drochloric acid. The fatty acid thus obtained had a molecular 
weight of 306.5, and an iodine number of 332.3 (Hanus, 4 hours 
reaction). These figures are in close agreement with those of 
arachidonic acid, 7.e. molecular weight 304.25, iodine number 
337.7. 

Reduction of Unsaturated Acids to Saturated Acids—The u- 
saturated acids, obtained by the action of zine upon the bromides, 
were reduced to saturated acids by the action of platinum and hy- 
drogen. The acid thus obtained had a melting point of 74° un- 
corrected and, upon analysis, gave the following data. 


Arachidic acid. Calculated. C 76.84, H 12.91 
Found. ** 75.92, “* 12.97 


The data given in the last two paragraphs above prove that the 
three sets of bromides given in Table III are isomeric forms of 
octabromoarachidic acid. 

Separation of Methyl Octabromoarachidate—The presence of 
highly unsaturated acids in the fraction which distilled at a tem- 
perature range of 185-190° suggested the possibility of directly 
separating methyl octabromoarachidic acid from this fraction. 

Therefore, 550 gm. of this fraction were brominated in cold 
ether, and the insoluble bromide which separated was removed, 
washed with ether several times, and dried at 60°. Upon exami- 
nation this bromide was found to melt at 230° and to contain 66.5 
per cent of bromine (theory 66.7 per cent of bromine). These 
figures establish its identity as methyl octabromoarachidate and 
this in turn again proves the presence of arachidonic acid 
(CaoH3202) in butter fat. 


DISCUSSION 


Brown and Sutton (2) have reported the presence of highly un- 
saturated acids in butter fat but they have made no attempt to 
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identify these acids. Bosworth and Brown (1) also reported the 
presence of highly unsaturated acids in butter. They stated 
however that they believed that little if any arachidonic acid was 
present. The work reported in this paper constitutes a correction 
of that statement, for arachidonic acid has now been shown to be 
present in butter fat. 

Eckstein (3) has reported the presence of linoleic and linolenic 
acids in butter. Our finding with reference to the isomers of octa- 
bromoarachidic acid is important in this connection for Eckstein 
based his conclusions as to the presence of linoleic and linolenic 
acids in butter fat upon the separation of petroleum ether-in- 
soluble and benzene-soluble bromides from butter fat acids, per 
se, without subjecting the acids to esterification and fractional 
distillation in order to separate the acids of the different series 
present. The work reported in this paper shows that linoleic 
and linolenic acids cannot be detected as tetrabromide and hexa- 
bromide respectively in the presence of any appreciable amount of 
arachidonic acid as this acid forms isomeric bromides which will 
be thrown out of solution with the reagents used to separate either 
the tetrabromides or hexabromides of the acids of the C,s series. 
In this connection we might say that we have carefully examined 
our constituent Cis fractions and have been unable to secure any 
evidence to indicate the presence of either linoleic or linolenic acid. 
The separation of a bromide of linoleic acid from the fat of human 
milk by Bosworth (4) would lead one to believe that such a bromide 
could be separated from butter fat by the same method, after 
careful fractional distillation of its methyl esters, if such an acid 
was present. 


SUMMARY 


1. The methyl esters of the fatty acids from 125 pounds of 
butter have been efficiently fractionated and the data from the 
constituent C29 fractions have been presented. 

2. Stearic acid and behenic acid were found in these fractions 
but no arachidie acid could be isolated. 

3. Arachidonic acid was separated as an octabromide of both the 
acid and its methyl ester. 

4. A new technique for the determination of the melting points 
of brominated fatty acids is described. 
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5. The relation of the isomeric forms of octabromoarachidic 
acid to the detection of linoleic and linolenic acids in butter fat 
has been discussed. 


The authors wish to acknowledge their indebtedness to the M 
and R Dietetic Laboratories, Inc., for financial assistance which 
enabled them to carry on this investigation. They also express 
their appreciation to Dr. C. 8. Smith, Chairman of this depart- 
ment, for his advice and encouragement. 
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THE COMPARATIVE AVAILABILITY OF d- AND /-HISTI- 
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Recently the optical modifications of a number of essential 
amino acids have been tested for their ability to promote growth. 
Both dl-tryptophane (Berg and Potgieter, 1931-32) and d-trypto- 
phane (du Vigneaud, Sealock, and Van Etten, 1932; Berg, 1934) 
are as effective as the natural! form. On the other hand, i-cystine 
(Lawrie, 1932) and mesocystine (Loring, Dorfmann, and du Vign- 
eaud, 1933) support growth only half as well as /-cystine, and the 
dextro enantiomorph is entirely ineffective (du Vigneaud, Dorf- 
mann, and Loring, 1932). In contrast to this differentiation 
among the optical modifications of cystine, not only naturally 
occurring /-methionine, but also the d and the dl forms stimulate 
growth when fed as supplements in diets poor in cystine (Jackson 
and Block, 1932, 1933). dl-Lysine possesses approximately half 
of the capacity of d-lysine to promote growth on lysine-deficient 
diets (McGinty, Lewis, and Marvel, 1924-25; Berg and Dalton, 
1934). 

The present communication ‘records similar comparisons of d- 
and /-histidine. For a number of years it has been known that 
l-histidine is the more readily catabolized. Abderhalden and Weil 
(1912) fed di-histidine to rabbits as a means of effecting its resolu- 
tion. A large portion of the dextro component was recovered from 
the urine. Kiyokawa (1933) obtained similar results after the in- 
jection of the dl modification. Konishi (1925) observed that dl- 
histidine yields only a third as much urocanic acid in the dog as 
does /-histidine, and that d-histidine produces none at all. Kiyo- 
kawa (1933) isolated urocanic acid from the urine of the rabbit 
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after /-histidine, but was unable to do so after dl-histidine adminis- 
tration. According to Edlbacher and Kraus (1930), the liver 
enzyme, histidase, decomposes dl-histidine only half as rapidly as 
it does the natural form. No data on the availability of d-histi- 
dine for purposes of growth have heretofore been presented. 


EXPERIMENTAL 


The present communication records two series of tests on the 
growth-promoting ability of d-histidine. The first of these, com- 
pleted several years ago, was somewhat less extensive than the 
second and is therefore being discussed more briefly and without 
presenting detailed data, as is being done for Series II. In Series 
I, ten rats from two litters were fed, ad libitum, a histidine-deficient 
diet composed of an amino acid mixture low in histidine, 14.5, 
tryptophane 0.2, cystine 0.3, dextrin 40, sucrose 15, lard 19, cod 
liver oil 5, salt mixture (Osborne and Mendel, 1919) 4, and agar 2 
per cent. In addition, vitamin B complex was furnished daily in 
the form of pills, each of which contained 50 mg. of yeast vitamin 
(Harris) and 100 mg. of dextrin. During the first of three 20 day 
periods this diet was unsupplemented. In the second period, four 
of the rats received a daily supplement of 37 mg. of d-histidine in 
the vitamin pills; of the other rats, some received an equivalent 
separate supplement (50 mg.) of /-histidine monohydrochloride 
and some no supplement. During the last 20 days, the dextro 
isomer was not fed, all animals receiving either /-histidine or no 
supplement. 

The preparation of the /-histidine monohydrochloride used has 
previously been reported (Cox, King, and Berg, 1929). The free 
d-histidine was obtained by the resolution of dl-histidine according 
to the method of Pyman (1911). Its analysis follows. 


0.100 gm. substance: 16.85 ec. N at 27.5° and 745 mm. 
CsH,O.N;. Calculated, amino N 9.03; found, 9.05 


+6.1° X 25 X 0.3468 





= +39.8°, for a solution in water, 


23 
lao = 2 X 0.665 
polarized in a saccharimeter having a Ventzke scale. Pyman 
found [a]> = +39.3°; Abderhalden and Weil (1912), [a]? 
= +40.15° + 0.88°. For /-histidine, the latter record [a]” = 
—39.65° and —39.44°; Kossel and Kutscher (1899), [a], 
—39.74°. 
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The histidine-deficient amino acid mixture was prepared essen- 
tially as directed by Rose and Cox (1924), except that the casein 
was hydrolyzed with 25 per cent H.SO, (by volume) for 16 hours. 

In the later series (Series II) of tests the histidine supplements 
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Cuart I. G represents the unsupplemented histidine-deficient diet. 
A, C, and £ indicate similar diets containing supplements of 0.5, 0.25, and 
0.125 per cent, respectively, of l-histidine monohydrochloride; B, D, and 
F, diets containing corresponding supplements, respectively, of d-histidine 
monohydrochloride. J and d represent the daily separate supplementation 
of G with 50 mg. of I-histidine monohydrochloride and 50 mg.of d-histidine 
monohydrochloride, respectively. Initial and final weights of the rats are 
given in parentheses. 


were not fed separately, but replaced an equivalent amount of the 
histidine-deficient casein hydrolysate in the food mixture. Sixteen 
rats from two litters were separated into four groups of four each. 
During the first 40 days (see Chart I and Table I) two animals of 
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Group 1 received 0.5 per cent of d- and two 0.5 per cent of lL 
histidine monohydrochloride in the diet; two animals of Group 2, 
0.25 per cent of the d and two, 0.25 per cent of the / modification; 
two animals of Group 3, 0.125 per cent of d-histidine monohydro- 


TABLE I 


Series II. Food Consumption and Efficiency Quotients 








— | Bei — Efi- | Histidi 
Group| pays [Rat No." S4'omn-| cieney |Rat.No.*|Stcon-| ciency | hedrochloride. 
No. | Dr | andess ee leustiont | smd oor [eee lenient | capploment” 
tion tion 
gm. gm. per cent 
1 1-40 | 250} 4.5 4.92 | 243 9 4.5 8.06} 0.5 (d-) 
41-80 4.9 8.66 4.9 6.59 0.5 (l-) 
1-40 | 251 | 5.1 4.14 | 244 9 5.7 4.15; 0.5 " 
41-80 5.7 6.55 4.6 13.50} 0.5 (d-) 
2 1-40 | 245 9° 3.6 9.10 | 252 9 3.6 8.75 0.25 “ 
41-80 5.7 4.41 5.8 3.31 0.25 (l-) 
1-40 | 246 9 5.3 4.76 | 253 9 4.7 4.81 0.25 * 
41-80 5.3 7.12 4.8 7.08 | 0.25 (d-) 
3 1-40 | 257 "| 2.9 8.81 | 254 9 2.9 16.76 | 0.125 “ 
41-80 4.6 5.03 4.1 5.21 0.125 (l-) 
1-40 | 258 "| 3.2 8.80 | 255 9 3.3 9.10} 0.125 ‘“ 
41-80 4.0 8.54 3.7 8.17 | 0.125 (d-) 
4 1-40 | 249 9 2.2 256 9 2.0 0.0 
41-80 2.6 2.5 0.0 
mg.t 
1-60 | 248 9 2.8 0 
61-80 4.2 6.19 25 (l-) 
1-60 | 247 9 2.6 0 
61-80 3.9 7.09 25 (d-) 





























* Rats 243 to 251 and Rats 252 to 258 were litter mates. 
t Twice daily. 


chloride and two, the same amount of the / form. During the 
second 40 day period, all animals which had previously received 
the d modification were fed the same amount of the / isomer, or 
vice versa. Two rats of Group 4 served as controls, receiving no 
histidine supplement throughout the experimental period. Dur- 
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ing the last 20 days, each of the other two was given histidine in 
the yeast pills, one 50 mg. of d-histidine monohydrochloride, and 
the other 50 mg. of /-histidine monohydrochloride daily, in two 
doses. Starch and Crisco were employed in Series II instead of 
dextrin and lard, yeast (200 mg. daily in two doses) instead of the 
yeast concentrate. In preparing the histidine-deficient amino 
acid mixture the Vickery and Leavenworth (1927, 1928) modifica- 
tion of the Kossel and Kutscher (1900-01) procedure for precipi- 
tating the histidine was adopted. Neither the amino acid mixture 
of Series I nor that of Series II was entirely histidine-free. 

The histidine monohydrochloride modifications used in Series 
II were both obtained from Hoffmann-La Roche, Inc. The /- 
histidine monohydrochloride melted at 254° (corrected) and gave 
the following analysis. 


C.H,O.N;-HCl + H.O. Calculated. N 20.05, Cl 16.92 





Found. “ 19.91, “ 16.89 
+0.403° x 10 . : 
= a ° " ™ 
(a) [a]> = 0.5000x1 7 +8.06°, in water solution con 
taining 3 molecular equivalents of HCl. 


(b) faj® = ta < = = +8.12°, in water solution con- 
taining 1 molecular equivalent of HCI. 
The d-histidine monohydrochloride melted at 255° (corrected) 
and showed the following analysis: found, N 19.98, Cl 16.88. 
»  —0.407° Xx 10 
(2) [alo = “9 5000 x 1 
(b) [a}?® = nl. o_o —8.25° (solution as in (b) above) 
- 2.0003 X 2 . ? 
The conditions used in (a) approximate those of Ehrlich (1914) 
who found for the d modification [a]?” = —7.89°, the conditions in 
(b) those of Abderhalden and Einbeck (1909) who found for /- 
histidine dihydrochloride [a]? = +7.61°. Calculated as the 
hydrated monohydrochloride this value becomes +8.28°. Kossel 
and Mathews (1898) record the melting point of /-histidine mono- 
hydrochloride as 251-252°; Abderhalden and Einbeck (1909) found 
that it varied from 250-255°, depending upon the rate of heating. 


= —8.14° (solution as in (a) above). 
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DISCUSSION 


The data obtained in both series of tests indicate that d-histidine 
possesses considerable ability to stimulate the growth of rats when 
it is fed as a supplement to histidine-deficient diets. In Series I, 
the average daily growth of the rats receiving d-histidine (1.18 
gm.) was not appreciably less than that of the rats fed /-histidine 
(1.29 gm.). The same observation was made on Rats 247 and 
248 of Series II. The separate feeding of histidine caused an in- 
creased consumption of the histidine-deficient food mixture in 
every case. 

When incorporated in the food mixture as in Series IT, /-histidine 
monohydrochloride induced an appreciably greater (36 to 100 per 
cent) rate of growth than did the dextro form (see Chart I). The 
difference is apparent even when growth is correlated with food 
consumption. Efficiency quotients (Palmer and Kennedy, 1931) 
have been calculated as suggested by Berg and Potgieter (1931- 
32) for the periods of d- and those of I-histidine feeding (see Table 
I). Those on the /-histidine diets averaged 5.89, 4.32, and 7.04 
for the 0.5, 0.25, and 0.125 per cent levels, respectively, as com- 
pared with similar respective values of 8.26, 8.01, and 10.57 for 
corresponding d-histidine supplements. 

The vicarious utilization of d-histidine in tissue anabolism seems 
highly improbable. The possibility that d-histidine undergoes 
conversion into some indispensable metabolite, thus allowing the 
traces of /-histidine in the diet to function solely and adequately 
in tissue synthesis, is likewise rather remote. A third and more 
plausible assumption is the possibility that at least a partial in- 
version to /-histidine occurs. General theoretical considerations 
favoring such an in vivo inversion have previously been discussed 
(Berg and Potgieter, 1931-32). More specific favorable evi- 
dence is the observation that dl-8-imidazole lactic acid (Cox and 
Rose, 1926; Harrow and Sherwin, 1926) and 8-imidazole pyruvic 
acid (Harrow and Sherwin, 1926) can both replace histidine for 
purposes of growth, the former somewhat more effectively than 
the latter. The difference in growth-promoting ability of d- and 
l-histidine shown in Series II may be ascribed to the difficult or 
inefficient nature of the inversion process. When fed separately, 
the daily intake of d-histidine was probably great enough (50 mg. of 
the monohydrochloride daily, compared with a maximum of 28.5 
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mg., when eaten as a part of the food mixture) to provide an ade- 
quate quantity of /-histidine for approximately optimum growth, 
despite any inefficiency of inversion. 


SUMMARY 


d-Histidine has been shown to promote the growth of rats when 
fed as a supplement to a histidine-deficient diet. Apparently it 
is somewhat less efficient in this capacity than is the natural 
| modification. 
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A REACTION BETWEEN a-KETONIC ACIDS AND 
a-AMINO ACIDS 
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During a consideration of the reaction between a-keto aldehydes 
and a-amino acids described by Neuberg and Kobel (1) the possibil- 
ity of a reaction between a-ketonic acids and a-amino acids suggest- 
ed itself. The work of Neubauer (2) and Knoop (3) and their 
coworkers on the biological interconversion of a-ketonic acids and 
amino acids made the possibility of a reaction between these two 
types of substances particularly interesting. Furthermore, Lang- 
enbeck and Hutschenreuter (4) had recently shown that the 
thermal decarboxylation of pure pyruvic acid is catalyzed by 
amino acids. 

A preliminary experiment in which a-aminophenylacetic acid 
was treated with pyruvic acid in boiling aqueous solution gave 
evidence of reaction by the formation of benzaldehyde. A closer 
study of the reaction showed nearly quantitative formation of 
benzaldehyde, alanine, and carbon dioxide, according to the follow- 
ing expression. 


NH, - NH: 


| | 
CH,COCOOH + C.H,CH—COOH —> CH;—CH—COOH 
+ C.H,CHO + CO; 


The study was subsequently expanded to include several other 
amino acids, with the results shown in Table I. 

The reaction most probably proceeds in several steps, the first 
of which involves condensation of the carbonyl group of the 
ketonic acid with the amino group, followed by the migration of a 
hydrogen from the a-carbon of the amino acid to the a-carbon of 
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the ketonic acid. Subsequently decarboxylation takes place, an 
aldehyde is split off, and a new amino acid is formed. 





—H.O 
R’CO—COOH + R”CH(NH:)—COOH es 
R'C=N—CHR” R'CH—N—CR” +H,0 
| | — ~—s| | — 
COOH COOH COOH COOH 


R’CH(NH:)COOH + R’”’CHO + CO, 


A similar scheme has recently been proposed by Franke (5) 
to explain the oxidation of a-amino acids by such diketones as 


TaBLeE | 
Behavior of Various Amino Acids with Ketonic Acids 





Products identified 





Pyruvic acid with 


a-Aminophenylacetic acid Benzaldehyde, CO:, alanine 

Glycine Formaldehyde, glyoxylic acid, COs, 
alanine 

Phenylalanine Phenylacetaldehyde, CO2, alanine 

l-Aspartic acid Acetaldehyde, CO:, alanine 

l-Cystine - “ as 


a-Methylaminophenylacetic acid | No reaction 

a-Aminoisobutyric acid a * 
Phenylpyruvic acid with 

a-Aminophenylacetic acid Benzaldehyde, CO2, phenylalanine 








isatin. The failure of a-aminoisobutyric acid, in which both 
hydrogens on the a-carbon atom are replaced by methyl groups, 
and of a-methylaminophenylacetic acid, in which one of the amino 
hydrogens is replaced by a methyl group, to cause more rapid 
evolution of carbon dioxide than was obtained in blank experiments 
with pyruvic acid alone, lends further support to the above scheme. 
The formation of optically inactive alanine in reactions with opti- 
cally active amino acids likewise points to this mechanism. 

The presence of alkali inhibits the reaction completely, while 
addition of mineral acid causes an appreciable slowing down of the 
rate of carbon dioxide evolution, as shown in experiments with 
a-aminophenylacetic acid and pyruvic acid. 

An extension of the investigation is contemplated. 
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EXPERIMENTAL 


Procedure 


A 300 cc. Kjeldahl flask with a short neck was fitted with a 3- t! 
hole rubber stopper through which passed a short reflux condenser, WU 
a dropping funnel, and an inlet tube for nitrogen gas. The top 
of the condenser was connected to a series of wash bottles contain- 
ing 10 per cent sodium acid sulfite solution, 2 per cent potassium 
permanganate solution acidified with sulfuric acid, and half 
)) saturated baryta solution. In experiments with the amino- 
8 phenylacetic acids the absorption train except for the barium 
hydroxide flask was omitted. In all experiments the baryta 
solution was changed periodically, and carbon dioxide estimated 
. by centrifuging off the barium carbonate, washing with water, 
dissolving in excess standard hydrochloric acid, and titrating. 
Experiments were usually done with 10 mm of the amino acid, 
in about 100 cc. of water containing from 10 to 40 (generally 40) 
7 ma of pyruvic acid.' Usually the entire reaction mixture was 
placed in the apparatus, and a slow stream of CO,-free nitrogen 
was passed through the apparatus for several minutes, after 
which the absorption train was connected and heat applied to the 
reaction flask. Throughout the reaction period the solution was 
boiled gently in a slow current of nitrogen. The reaction was 
considered to start with the first application of heat. In the 
relatively rapid reaction with aminophenylacetic acid the starting 
technique was slightly modified: a suspension of the amino acid 
; in somewhat less than the required amount of water was heated 
to boiling in the usual nitrogen stream. To start the reaction the Bf, 
pyruvic acid, followed by the remainder of the required water, was ‘ 
added through the dropping funnel and the absorption train 
connected to the condenser immediately thereafter. 
After completion of the reaction, the aldehydic products were 4h 
isolated and identified by their derivatives with dimethyldihydro- 
resorcinol (dimedon). Benzaldehyde was distilled out of the 
reaction mixture where practically all of it had been retained. 
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| 1! Pyruvic acid was distilled in vacuo and used within 3 weeks of the time 
of distillation. Occasional blanks with pyruvic acid alone were run with 
each fresh portion. Carbon dioxide is liberated slowly, but no detectable 
amounts of acetaldehyde or acetone are formed. 
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The more volatile aldehydes were recovered from the sodium-acid 
sulfite solution. The melting points of the dimedon derivatives 
of the aldehydes so isolated were as follows: acetaldehyde 142- 
143°, benzaldehyde 191-192°, phenylacetaldehyde 167.5-168.5°, 

Amino acids were isolated from the reaction mixture after 48 
to 72 hours continuous extraction with ether to remove as much 
of the excess pyruvic acid as possible. Subsequent evaporation 
to a small volume and treatment with 5 to 10 volumes of 95 per 
cent ethyl alcohol caused separation of the amino acids, which 
were then further purified by recrystallization or conversion into a 
derivative. The following amino acids and derivatives were 
isolated. 


Alanine. Found, C 40.49, H 8.19, N 15.50; calculated, C 40.42, H 7.93, 
N 15.73. 

a-Phenylureidopropionic acid, m.p. 177-178°. 

3-Phenyl-5-methylhydantoin, m.p. 168-169°. 

Phenylalanine. Found, C 65.20, H 6.61, N 8.41; calculated, C 65.41, 
H 6.72, N 8.49. 


~2>nw w 





Fic. 1 





5 10 15 
HOURS 


Fia. 1. CO, formed from a-aminophenylacetic acid (10 mm) and pyruvie 
acid (10, 20, 30 mm), Curves 1, 2, and 3 respectively. Curve 4, 15 mm of 
pyruvic acid and 15 mm of HCl. 


a-Aminophenylacetic Acid—The curves in Fig. 1 show the rate 
at which CO, was evolved from the reaction of 10 mm of a-amino- 
phenylacetic acid with varying amounts of pyruvic acid, and in 
the presence of hydrochloric acid. In the presence of sodium 
hydroxide equivalent to all the carboxyl groups in the mixture 
the reaction was completely inhibited. Under optimum conditions 


2 All melting points are uncorrected and were controlled by admixture 
with authentic specimens. 
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the yield of CO, is about 9.8 mm, benzaldehyde 6 to 7 mM, and 
alanine 5.5 to 7.5 mm, in 13 hours. 

a-Methylaminophenylacetic Acid—The reaction was run with 
5 mm of the methylamino acid in 50 cc. of water containing 20 
mm of pyruvic acid. The evolution of CO, over a period of 12 
hours was about the same as in a simultaneous blank experiment 
with pyruvic acid alone. There was no evidence of benzaldehyde 
formation. 

Glycine (Fig. 2, Curve 1)—In experiments with 10 mm of glycine 
and 40 mo of pyruvic acid during the course of 54 hours 11.2 mm 
of CO. were evolved. The formation of formaldehyde was evident 
by its odor; the presence of glyoxylic acid in the reaction mixture 


3 





















10 20 30 40 50 
HOURS 


Fig. 2. Curve 1 represents CO, from glycine (10 mm) and pyruvic acid (40 
mm). Curve 2 represents CO, from phenylalanine (10 mm) and pyruvic 
acid (40 mm). Curve 3 represents CO, from l-aspartic acid (10 mm) and 
pyruvic acid (40 mm). 


was indicated by its color reaction with tryptophane. The amino 
acids, glycine and alanine, could not be separated but the product 
obtained after several precipitations from water with absolute 
alcohol was found to contain 17.88 per cent of N, indicating a 
mixture of 70 per cent of glycine and 30 per cent of alanine. 

a-Aminoisobutyric Acid—On treating a-aminoisobutyric acid 
(10mm) with pyruvic acid (40 mm) under the above conditions, the 
amount of CO, formed during 72 hours is the same as in a simulta- 
neous blank experiment. No acetaldehyde or acetone could be 
found, and 90 per cent of the original amino acid was recovered in 
pure form. 

Phenylalanine (Fig. 2, Curve 2)—From 10 mm of phenylalanine 
and 40 mm of pyruvic acid 7 mm of CO, were obtained in 54 hours. 
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Phenylacetaldehyde was formed in good yield, but only a smal] 
amount of alanine could be isolated as the phenylhydantoin. 

l-Aspartic Acid (Fig. 2, Curve 3)—From the reaction of 10 my 
of l-aspartic acid with 40 mm of pyruvic acid, 24.1 mm of CO, 
were formed during 48 hours, together with acetaldehyde and 
alanine. Acetaldehyde, isolated in 60 per cent yield, resulted from 
the decarboxylation of the half aldehyde of malonic acid which 
may be assumed to be the primary product from the aspartic acid, 
The formation of 2 moles of CO, for each mole of aspartic acid 
lends further support to this assumption. Optically inactive 
alanine was isolated in proportionate yield. 

In several experiments the optical rotation was followed; a solu- 
tion of 10 ma of l-aspartic acid and 40 mo of pyruvic acid in water, 
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Fic. 3. Curve 1 represents CO, from I-cystine (5 mm) and pyruvic acid 
(40 mm). Curve 2 represents CQ, from a-aminophenylacetic acid (5 mm) 
and phenylpyruvic acid (10 mm). 


diluted to 100 ce., showed no change when kept at 38° for 14 
days, but at 70—75° the rotation fell to half the origina] value in 
42 hours and had completely disappeared after 7 days. At the 
boiling point the rotation fell to half in the course of 6 hours. 
l-Cystine (Fig. 3, Curve 1)—In experiments with 5 ma of [-cystine 
and 40 mo of pyruvic acid, 8.65 mm of CO, were formed during 14 
hours. No hydrogen sulfide was formed, although a volatile 
organic sulfur compound was present, and a considerable amount 
of black tarry material separated from the reaction mixture. The 
solution at the end of the experiment still contained about 9 
per cent of the original nitrogen, most of which was present as 
amino nitrogen. The mechanism of the reaction is not clear. 
Acetaldehyde, isolated in 20 to 30 per cent yield, must have been 
derived from the cystine, for pyruvic acid, alone or in the presence 
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of a-aminoisobutyric acid, yields no acetaldehyde. Optically 
inactive alanine was isolated in 40 to 50 per cent yield. 

The rotation of /-cystine in solution with pyruvic acid and 
hydrochloric acid was followed in another experiment. After 6 
days at 70-75° the rotation had decreased to about one-third of 
its original value, at which time the solution had become too dark 
to permit further readings. 

a-Aminophenylacetic Acid with Phenylpyruvic Acid (Fig. 38, 
Curve 2)—A solution of 10 mm of phenylpyruvic acid and 5 mm of 
a-aminophenylacetic acid in 100 cc. of water was treated in the 
same manner as described for pyruvic acid. During 15 hours 2.3 
mM of CO, were evolved, at which time the phenylpyruvic acid had 
either all reacted with the amino acid or condensed with itself to 
form a-keto-y-hydroxy-8,6-diphenylvalerolactone.* Benzaldehyde 
and phenylalanine were isolated in 32 and 19 per cent yields 
respectively. 


SUMMARY 


Pyruvic acid has been shown to react in boiling aqueous solution 
with severa! amino acids with the formation of carbon dioxide, 
alanine, and aldehydic degradation products of the original amino 
acid. Mineral acid retards the reaction; alkali inhibits it com- 
pletely. No reaction occurs with a-aminoisobutyric acid nor 
with a-methylaminophenylacetic acid. 

Phenylpyruvic acid may be substituted for pyruvic acid, in 
which case phenylalanine is formed, together with carbon dioxide 
and aldehydes. 


The authors wish to thank Professor H. T. Clarke for his 
continued interest in the work. 
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Medicine, St. Louis) 
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For a number of years we have worked intermittently on the 
isolation of the gonadotropic material of the urine of pregnancy. 
The results of this work have led to the conviction that a simple, 
rapid, and reliable process for the approximate recovery of the 
active fraction is a prerequisite for any extensive chemical work. 
Our first process (Katzman and Doisy, 1932) in which benzoic 
acid was used gave a fairly satisfactory product but the recovery 
was not particularly good. In 1933 we (Katzman and Doisy, 
1933, a) found that under certain conditions tungstic acid will 
precipitate the gonadotropic substance almost quantitatively. 
Wiesner and Marshall (1931) and Zondek, Scheibler, and Krabbe 
(1933) have attained the same result by phosphotungstic acid 
precipitation and Davy (1934) by adsorption on Lloyd’s reagent. 
In a preliminary paper we (1933, c) have reported certain data on 
the tungstic acid method; this paper furnishes additional observa- 
tions on the process that we are now using and, in addition, con- 
tains a statement regarding the preparation of theelin and theelol 
from pregnancy urine after the recovery of the gonadotropic 
material. 


EXPERIMENTAL 
Precipitation with Tungstic Acid and Preparation of Aqueous 
Brucine Extract—For each liter of urine 20 cc. of 10 per cent 
sodium tungstate solution are added. This mixture is acidified to 
Congo red paper with sulfuric acid and the resulting precipitate 
is collected by centrifugation. For large volumes of urine we 
513 
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have used the Sharples centrifuge. The precipitate is washed 
thoroughly with acetone to remove estrogenic material and pig- 
ment and then freed from acetone by reduced pressure. The 
dried material is suspended in a little distilled water and thoroughly 
mixed with solid brucine until the reaction is neutral or slightly 
alkaline to litmus. This mixture is then placed in the cold room 
for a day or two to allow the brucine to liberate the active material 
and to precipitate the tungstate. The aqueous solution, after 
centrifugation, contains the active substance. The insoluble ma- 
terial is usually extracted twice more to insure complete removal 
of the substance. By this means crude extracts are obtained 
which contain practically all of the gonadotropic material. The 
urine, after tungstic acid precipitation, contains about 10 per 
cent of the original activity as determined by its capacity to pro- 
duce corpora in immature rats. 

In an earlier publication (1933, c) we presented data showing 
the effectiveness with which certain organic bases extract the 
active material from the tungstate precipitate. Since dilute 
sodium hydroxide completely dissolves the precipitate, the amount 
of gonadotropic substance in the precipitates is measured by the 
activity of these solutions. A comparison, then, of the activities 
of the sodium hydroxide solutions with those obtained by other 
extraction agents indicates the effectiveness of the extraction by 
the latter. It can be seen from those data that brucine com- 
pletely removes the active material precipitated by tungstic acid. 
Quinine likewise is quite effective and, in the few instances tried, 
fair yields were obtained with benzidine and hydroxyquinoline. 
Sodium molybdate can be used in place of the tungstate for pre- 
cipitating the active material from the urine. 

We have also used barium hydroxide for decomposing the tung- 
state precipitate (unpublished). While fairly good yields are 
obtained by this means, the extracts are less pure and the manipu- 
lation is more cumbersome. 

The data referred to above were obtained with 500 to 1000 ce. 
samples of urine. The tungstic acid precipitates were allowed to 
remain in contact with the aqueous suspension of brucine for only 
12 to 15 hours. When the same procedure was applied to large 
volumes of urine the usual high yields were not obtained. Sub- 
sequently, we found that a longer extraction period is required to 
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decompose the large amounts of the precipitate. For large batches 
of urine we now employ at least a 3 day extraction period but the 
actual working time is only a few minutes. One extraction with 
brucine carried on for a sufficient length of time removes most of 
the active material. A second extraction is somewhat productive 
but the yield of the third is not worth the time required. The 
tungstate precipitate, after brucine treatment, was extracted with 
dilute sodium hydroxide to remove any remaining activity. 

Data were obtained on eleven batches of urine varying in 
volume from 18 to 323 (average 135) liters. In two instances in 
which a 10 to 12 hour extraction period was employed the yields 
were only 2400 and 3000 rat units per liter, respectively. The 
other nine batches were extracted with brucine for at least 3 days. 
The first extraction removed 3300 to 5800 (average 4600) rat units 
per liter of urine, the second 600 to 1500 (average 850) rat units, 
and the third 100 to 400 (average 275) rat units. The average 
total yield was over 5700 rat units per liter of urine. 

The assays show that three brucine extractions properly con- 
ducted remove the active material so completely that little (300 
rat units per liter of urine) is dissolved from the residue by aqueous 
sodium hydroxide. However, if only one extraction is used or if 
the periods of treatment are short, considerable gonadotropic ma- 
terial remains in the precipitate. 

The brucine extracts are rather crude, the potency of the first 
extract being 20 to 30 rat units per mg. of solids and 10 to 15 
rat units per mg. for the subsequent extracts. This crude prepara- 
tion seems to be more stable than those with a much greater 
potency. 

Since our assay of gonadotropic activity is based on the pro- 
duction of vaginal opening and cornification of the vaginal epi- 
thelium of immature rats, it was necessary to ascertain whether 
estrogenic substances (with respect to castrate females) are present 
in our extracts. The gonadotropic extracts were acidified, ex- 
tracted with ether, the ether evaporated, and the residue taken up 
in dilute alkali for injection. The amount of theelin or theelol 
contained in five of the six preparations which were tested was 
negligible, being less than 2 rat units per 1000 rat units of gonado- 
tropic substance. In the sixth preparation the assay showed a 
little over 2 rat units of estrogenic substance. 
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Purification of Aqueous Brucine Solution of Gonadotropic Ma- 
terial—Since our crude preparations contained brucine, it was 
necessary to find means of separating it from the gonadotropie 
material. This can be accomplished by extracting the brucine 
with chloroform but we later found that precipitation of the 
gonadotropic material with acetone is more satisfactory. The 
precipitate can be redissolved in water and precipitated with ace- 
tone until the brucine is completely removed. 





























TaBLe | 
Fractionation of Crude Solution with Ammonia and Acetone 
3 2h 
- 5S Precipitat Precipitat 
recipi e reci e ~ 
8 Original solution 3% with 60 per cent with 67 = cent a = pe 
3 es EI acetone acetone - 
= 
E E 
gm. 
39} 2 X 10° r.u.,* 1 X 10° r.u.,| 6 X 10* r.u., | < 10,000 r.u. 
57.78 gm. 5.20} 6.05 gm. 6.50 gm. 
40| 59 X 10‘ r.u., 44.0 X 10‘r.u.,| 7 X 10 r.u., | < 6,000 r.u, 
28.28 gm. 1.86; 1.586 gm. 1.84 gm. 24.99 gm. 
41 | 13.2 X 10®r.u., 8.1 X 10° r.u., | 1.66 X 10° | < 7,500 r.u. 
63.36 gm. 6.43) 4.92 gm. r.u.,f 6.16 
gm. 
43 | 6.6 X 10° r.u., 9.0 X 10° r.u., | < 14,000 r.u.,f} < 8,000 r.u,, 
24.0 gm. 2.33) 3.12 gm. 3.0 gm. 17.0 gm. 
131 | 2.6 X 10° r.u., 2.0 X 10° r.u., | 6.9 X 10*r.u.,f 
21.7 gm. 1.5 gm. 2.0 gm. 





*R.u. = rat units. 
t 70 per cent acetone. 


A variation of this procedure has been used to remove the uric 
acid which is present in the crude preparation. 0.1 volume of 
concentrated ammonia water (sp. gr. 0.91) is added to the aqueous 
solution. Enough acetone is then added to give a concentration 
of 50 per cent by volume (see Table I). The mixture is thor- 
oughly chilled and then centrifuged to remove the precipitate 
which, since it is mainly ammonium urate, is discarded. Prae- 
tically all of the gonadotropic substance may be precipitated from 
the supernatant liquid by increasing the concentration of acetone 
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to 67 per cent. However, we find that it is better to take the 
precipitate produced by 60 per cent acetone and to discard the 
supernatant liquid. The higher concentration of acetone precipi- 
tates a large quantity of inert substances, thereby diminishing the 
purity of the product. 

Re-solution of the active fraction and precipitation with acetone 
gives &@ preparation substantially free from tungsten (Eigriwe, 
1927), 0.1 to 0.2 mg. per 60,000 rat units, and from toxic sub- 
stances including brucine. Rats 21 days of age will tolerate an 
enormous number of rat units without any detectable ill effects. 
In our tests of these preparations for toxicity, quantities as large 
as 6000 rat units have been administered in a single injection. 

Our experience indicates that the storage of gonadotropic ma- 
terial is more satisfactory in the solid state. This is accomplished 
by precipitation and dehydration of the precipitate with acetone. 
Such precipitates made according to the process just described 
show a potency of 100 to 300 rat units per mg. 

Though the process just described does not yield a product of 
exceptional purity, it does afford a rapid procedure whereby an 
approximately quantitative recovery of the gonadotropic sub- 
stances of urine may be effected. Since the dry powder of a 
potency of 200 to 300 rat units per mg. is fairly stable, it forms a 
good starting point for experiments directed to the isolation of the 
pure substance. 

Preparation of Theelin and Theelol from Urines Used in Prepara- 
tion of Gonadotropic Substances—In an earlier report (Katzman 
and Doisy, 1933, b) we have shown that theelin and theelol may 
be prepared from urines previously treated by the benzoic acid 
process for the preparation of the-gonadotropic substances. Both 
may also be recovered from urines treated with tungstic acid for 
the precipitation of anterior pituitary-like material. 

The urines are brought to pH 3 to 4 with hydrochloric acid, 
allowed to stand for at least 1 week, and then extracted with butyl 
alcohol. This extract is combined with the acetone extract of the 
tungstic acid precipitate and then purified by the processes de- 
scribed in earlier reports (Veler, Thayer, and Doisy, 1930; MacCor- 
quodale, Thayer, and Doisy, 1933). 

270 gallons of urine extracted as just described gave 1.8 gm. of 
theelol, m.p. 272.5-274° (uncorrected); from the mother liquors 
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0.22 gm. of theelol, m.p. 272.5° (uncorrected) was isolated. This 
yield, approximately 7 mg. per gallon of urine, compares favorably 
with our results by the usual method. 

A few mg. of theelin were obtained from this same extract. In 
this case the yield was somewhat less than we obtained by our 
usual procedure. 


SUMMARY 


A method based on tungstie acid precipitation and decomposi- 
tion of the precipitate with brucine is described for quantitatively 
extracting the gonadotropic material of the urine of pregnant 
women. Removal of the brucine and tungstate and a considerable 
purification are easily accomplished by precipitating the active 
material with acetone in the presence of ammonia. 

Theelin and theelol can be extracted satisfactorily from the 
urine after treatment with tungstic acid. 


The authors are happy to acknowledge financial assistance from 
the Committee on Grants for Research of St. Louis University 
and very efficient help from Miss Corinne Dewes with the assays. 
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THE OXIDATION OF THE SULFUR OF THE ACETYL AND 
FORMYL DERIVATIVES OF d- AND I-CYSTINE IN THE 
ANIMAL BODY 


By VINCENT pv VIGNEAUD, HUBERT S. LORING, anp 
HAROLD A. CRAFT 


(From the Department of Biochemistry, School of Medicine, George 
Washington University, Washington) 


(Received for publication, September 5, 1934) 


In studying the growth-promoting properties of the optical 
isomers of tryptophane it was observed by du Vigneaud, Sealock, 
and Van Etten (1) that acetyl-d-tryptophane was incapable of 
supporting growth of animals on a tryptophane-deficient diet, al- 
though they did find that both d- and /-tryptophane and acetyl-l- 
tryptophane could be utilized for this purpose. Previous to this 
work Berg and Potgieter (2) had shown that dl-tryptophane was 
as efficient as /-tryptophane in supporting growth, and recently 
Berg has confirmed the work mentioned above on the pure d-tryp- 
tophane and its acetyl derivative (3). An analogous series of 
observations has been made by Jackson and Block (4) with respect 
to methionine; both d- and /-methionine and formy]-l-methionine 
were found to support growth of animals on a cystine-deficient diet 
in lieu of cystine, whereas the formyl-d-methionine could not serve 
in this capacity. 

In contrast to the behavior.of tryptophane and methionine with 
respect to spatial configuration and growth-promoting powers, 
the optical antipode of the naturally occurring /-cystine, d-cystine, 
has been found to be unavailable for growth purposes (5, 6). It 
was observed, however, that the body could oxidize this isomer 
although not as readily as it could /-cystine (7). Because of the 
failure of d-cystine to support growth, the utilization of diacetyl-d- 
cystine for this purpose does not come into question, although the 
diacetyl-l-cystine can be so utilized (8). The question of the 
oxidation of diacetyl-d-cystine, however, brings up certain possi- 
bilities which are well worth considering. 

519 



































520 Acyl Derivatives of d- and /-Cystine 


The fact that these acyl derivatives of d-tryptophane and d- 
methionine are not available for growth seemed to us to indicate 
that the body is unable to hydrolyze such derivatives of the un- 
natural form of an amino acid which might be expected from what 
is known of the specificity of hydrolytic enzymes. If the diacetyl- 
d-cystine were not hydrolyzed in the body, an investigation of the 
fate of its sulfur should prove to be interesting. A comparative 
study of the oxidation of the sulfur of diacetyl- and diformyl-d- 
cystine with that of their enantiomorphs was therefore undertaken. 
Such a study would show whether the body could oxidize the sulfur 
to sulfate in spite of the presence of the acetyl or formyl] groupings 
attached to d-cystine and would thus be a means of bringing fur- 
ther evidence to bear on the theory that the amino group in cys- 
tine must be free in order that the sulfur be oxidized to sulfate 
during the course of metabolism (9, 10). 


EXPERIMENTAL 


The experimental procedure in the oxidation studies of the 
present investigation was the same as that used in our studies of 
the oxidation of the stereoisomers of cystine (7) and in that of 
homocystine (11). Rabbits were used as the experimental animals 
and 0.5 gm. samples were administered orally in each experiment. 

The diformyl-d-cystine was prepared from its purified strych- 
nine salt obtained in the resolution of diformy]-dl-cystine (5), while 
the diformyl-l-cystine was prepared by the formylation of /-cystine 
(5). The diformyl-l-cystine decomposed at 192-194° (corrected) 
and a 0.5 per cent solution in water had a rotation of [a]” = — 105°. 
The diformyl-d-cystine also decomposed at 192-194° (corrected) 
and under the above conditions had a rotation of [a] = +105°. 

The diacetyl-d-cystine and the diacetyl-l-cystine were non- 
crystalline but were prepared from the analytically pure crystal- 
line brucine salts obtained in the resolution of diacetyl-dl-cystine 
(12). The following procedure was used for their isolation. The 
solution of the brucine salt was made alkaline in the cold with 
Ba(OH), and the brucine removed by extraction with chloroform. 
The Ba++ was then quantitatively removed with H,SO, and the 
solution evaporated to a syrup in vacuo. By repeatedly dissolving 
this syrup in acetone and cistilling in vacuo the traces of water 
present were removed and the acety! derivatives were obtained as 
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fluffy white solids which, while appearing crystalline to the naked 
eye, were definitely non-crystalline when examined under the 
microscope. A 1 per cent aqueous solution of the diacetyl-l-cys- 
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Analytical Results of Oxidation Studies for Individual Experiments 4 
Rabbit B, 2.3 kilos; 100 gm. Rabbit Rabbit C, 2.8 kilos; 100 gm. Rabbit | 
Chow daily Chow daily 4 
Total | Total | OF: Total | Total | O°: | 
Day| Compound fed “ $0.8 as Day| Compound fed s |sO.-8 as 4 
gm. mg. mg. mg. gm. mg mg. mg. ] 4 
1 146 | 122 | 24] 1 142 | 119 | 23 ‘7 
2 155*| 118 | 37 | 2 136 | 112 | 24 4 
3 155*| 118 | 37 3 151*| 119 | 32 * 
4 154 | 132 | 22 4 151*| 119 | 32 Bi 
5|0.5 acetyl-l- | 236 | 186 | 50 | 5|0.5 acetyl-d- | 201 | 122| 79 . 
6| cystine 145 | 112} 33 | 6 cystine 169 | 120 | 49 
—|—____—_——_ ——r—| 7 145 | 117 | 28 in 
10 136*| 111 | 25 | —|—————_——_- —|— bf 
ll 136*| 111 | 25 | 10 145*| 110 | 35 t 
12 128 | 106 | 22 | 11 145*| 110 | 35 Si 
13| 0.5 acetyl-d- | 190 | 118 | 72 | 12 134 | 109 | 24 } 
14| cystine 145 | 113 | 32 | 13] 0.5 acetyl-l- | 213 | 170 | 43 : 
15 153 | 114| 39 | 14] cystine 124 | 102 | 22 * 
16 137 | 110 | 27 | 15 136 | 110 | 27 > 
19 146 | 114 | 32 | 18 146 | 115 | 31 ; 
20 145 | 114 31 | 19 141 | 110} 31 i. 
21 143 | 111 | 32 | 20 153 | 121 | 32 
22| 0.5 formyl-l- | 247 | 191 | 56 | 21 | 0.5 formyl-l- | 256 | 202 | 54 
23| cystine 127 | 99] 28 | 22 cystine 153 | 123 | 30 
24 127 | 104 | 23 | 23 151 | 125 | 26 
—|—__—_————_|—_—-|—_—- |---| 156 | 120 | 36 
28 115 | 97] 18 | 25 159 | 127 | 32 
29 131 | 100 | 31 | 26 | 0.5 formyl-d- | 229 | 126 | 103 
30 147 | 113 | 34 | 27 cystine 174 | 123 | 51 
31| 0.5 formyl-d- | 230 | 111 | 119 | 28 158 | 127 | 31 as 
32| cystine 126 | 95] 31 4 
33 143 | 107 | 35 o 
* Based on 48 hour sample. 
tine had a rotation of [a] = —110°, while a similar solution of 


diacetyl-d-cystine gave a rotation of [a] = +111°. Neutral 
equivalents agreed with the calculated values. 
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The results of the oxidation studies are given in Tables I and II. 
The analytical results for the individual experiments are shown in 
Table I, while the calculations of the percentage of the extra sulfur 
excreted which appeared in the form of sulfate, and the percentage 
of the administered sulfur which appeared as sulfate, as well as 
the percentage recovery of the administered sulfur are presented in 
Table II. For all the compounds except the diacetyl-d-cystine, 
practically all the extra sulfur appeared in the first 24 hours. In 
the case of diacetyl-d-cystine some excretion of extra sulfur con- 
tinued for 2 or 3 days, yet it is interesting that the percentage of 



























































TaBLe II 
Percentage Oxidation of Acyl Derivatives of d- and 1-Cystine 
3 - 

; - | #8 i s |2 Fy 3 
~ | Compound administered | ,, | 3% HE £ 3x £2 } 23 $ 
F 3 2|#2| % 5 | #5] #5125 
3 z a 3° $ is Ez Li * L 

mg. mg. mg. mg. mg. mg. =~ = pA 

B | Acetyl-l-cystine 236 | 153 | 83 | 186 | 123 | 63 | 76 | 64 | 84 
Cc a 213 | 141 | 72 | 170 | 110} 60 | 83 | 61 | 73 
B | Formyl-l-cystine | 247 | 145 | 102 | 191 | 113 | 78 | 76 | 72 | 94 
Cc ° 256 | 147 | 109 | 202 | 115 | 87 | 80 | 81 /101 
B | Acetyl-d-cystine 190 | 133 | 57/118; 109| 9 | 16 |] 9/| 58 
Cc . 201 | 145 | 56 | 122 | 117 5 9 | 5| 57 
B | Formyl-d-cystine | 230 | 131 | 99 | 111 | 103 8 8 7 | 92 
Cc 6 229 | 155 | 74 | 126 | 124 2 3 | 2| 69 
Figures previously reported for free l-cystine (7)..... 82 | 67 | 82 
= ° - “  “  d-cystine (7).... 45 | 32 | 71 





extra sulfur oxidized did not change. In Table II the calculations 
are on the basis of 24 hour excretion. No toxic symptoms were 
observed and the nitrogen excretion was not significantly changed. 

The urines obtained from the rabbits after the feeding of diace- 
tyl-d-cystine were analyzed for cystine by the Sullivan method 
after hydrolysis with acid and decolorization of the hydrolysate 
with carboraffin. The amount of cystine found in the urine for 
the 24 hour period following the feeding of 500 mg. of diacetyl-d- 
cystine was 114 mg. of cystine in one experiment and 128 mg. in 
the other, which corresponds to 31 and 35 per cent respectively 
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of the diacetyl-d-cystine fed and to about 60 and 71 per cent of 
the extra unoxidized sulfur in the respective urines. Similar tests 
on the urine obtained after feeding diacetyl-l-cystine were negative. 


DISCUSSION 


The results obtained from the experiments on the oxidation of 
the diacetyl and diformyl derivatives of both l-cystine and d- 
cystine are presented in Tables I and II. These data clearly 
demonstrate that whereas these acyl derivatives of the naturally 
occurring /-cystine are readily oxidized the corresponding deriva- 
tives of the optically isomeric d-cystine are quite resistant to 
oxidation. 

From our previous studies on the oxidation of the stereoisomers 
of cystine it is quite apparent that the acetyl and formyl deriva- 
tives of l-cystine are as readily oxidized as l-cystine itself. In 
these earlier studies it was also found that d-cystine was oxidized 
in the body to a considerable extent although not nearly as com- 
pletely as l-cystine. From this fact and from our present data 
we would conclude that the attachment of the acyl radical to the 
d isomer greatly hinders its oxidation. We must, furthermore, 
conclude that the body is unable to liberate d-cystine from these 
derivatives for otherwise considerable oxidation should have been 
obtained. This failure of the body to oxidize normally the sulfur 
of the apparently non-hydrolyzable diacetyl- and diformyl-d-cys- 
tine is in agreement with the theory of Lewis and coworkers (9, 10) 
that the amino group of cystine must be free in order for the oxida- 
tion of the cystine sulfur to sulfate to proceed normally. 

The failure of the body. to hydrolyze the acetyl and formyl 
groups when they are attached to the unnatural isomer of cystine 
is also in keeping with what we have already discussed with respect 
to the acyl derivatives of the unnatural forms of methionine and 
tryptophane. The lack of utilization of formyl-d-methionine and 
acetyl-d-tryptophane for growth purposes depends without much 
question on the failure of the body to liberate the free amino acid 
since the free unnatural isomers of these two amino acids have been 
shown to be available for growth. From the standpoint of spatial 
configuration the lack of hydrolysis of these derivatives is no doubt 
analogous to the behavior towards enzymes of peptides prepared 
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from enantiomorphs of natural amino acids. In these cases the 
dipeptides are not hydrolyzed by the enzyme dipeptidase (13). 

The ready oxidation of diacetyl-l-cystine and diformy]-l-cystine 
is somewhat surprising in view of the results obtained by Hele and 
Pirie (14, 15) with the acetyl derivative of l-cysteine. These 
investigators found that the dog could not oxidize the latter as 
well as it could /-cystine. Weare hoping to compare the oxidation 
of the acetyl-l-cysteine with that of the diacetyl-l-cystine in the 
rabbit. The observations of Brand and coworkers (16) on the 
different fate of cysteine and cystine in the cystinuric would lead 
one to be cautious in drawing any conclusions with regard to 
acetyl-l-cysteine on the basis of results on diacetyl-l-cystine and 
we therefore feel that Pirie’s results and ours may not necessarily 
be out of harmony with one another. 


SUMMARY 


The oxidation of the sulfur of the acetyl and formy] derivatives 
of both /-cystine and d-cystine has been studied in the rabbit. 

It has been found that acetyl- and formyl-l-cystine are as readily 
oxidized as free l-cystine, whereas the corresponding derivatives of 
d-cystine are far more resistant to oxidation than d-cystine. 

The significance of these findings with respect to the oxidation 
of the sulfur of cystine and the hydrolysis of the acyl derivatives 
of the enantiomorphs of the naturally occurring amino acids has 
been discussed. 
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NOTE ON BOMBICYSTEROL 


By WERNER BERGMANN* 
(From the Department of Chemistry, Yale University, New Haven) 


(Received for publication, June 14, 1934) 


The unsaponifiable material prepared from the oil of the chrys- 
alis of the silk moth, Bombyx mori, has been studied by different 
workers. The results of their investigations, however, are con- 
tradictory, especially as far as the sterols are concerned. Accord- 
ing to Lewkowitsch (1) (1907), chrysalis oil contains 2.5 per cent 
of unsaponifiable material which consists of 84.7 per cent of cho- 
lesterol and 15.3 per cent of hydrocarbons. In contradiction to 
that, Tsujimoto (2) stated a year later that the oil contains 1.7 
per cent of phytosterol. 

In 1908 Menozzi and Moreschi (3) described the isolation of 10 
per cent of unsaponifiable material from the oil which consisted of 
hydrocarbons, a small amount of cholesterol, and a sterol which 
they called bombicysterol. In a second paper (4) they confirmed 
their previous results, making, however, the reservation that the 
amount of unsaponifiable material was only 2.4 per cent and that 
cholesterol, instead of being present in only a small quantity, 
represented 13 to 14 per cent of the sterol mixture. 

The object of the present investigation was to determine whether 
cholesterol or a phytosterol was present in the chrysalis oil, and 
also to secure some bombiéysterol in order that its properties 
might be compared with those of other better known sterols. 

The chrysalis oil used in this investigation was of Japanese ori- 
gin, and was obtained from Cheney Brothers, silk manufacturers in 
South Manchester, Connecticut. With different methods of sapo- 
nification, never more than 1.5 to 1.6 per cent of unsaponifiable 
material was obtained; of the latter, 33 per cent could be 
precipitated with digitonin. 


* Holder of a Sterling Research Fellowship in Chemistry at Yale Uni- 
versity, 1933-34. 
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Besides sterols, large amounts of hydrocarbons! were present. 
Their separation from the sterols by means of recrystallization 
proved to be very time-consuming. A more rapid separation can 
be effected if the larger part of the hydrocarbons is distilled off 
under a high vacuum and the residue then recrystallized. The 
most expedient method for the isolation of the sterols, however, 
consists in the transformation of the sterols of the crude unsaponi- 
fiable fraction into the corresponding esters of 3 ,5-dinitrobenzoic 
acid. These esters are rather insoluble in petroleum ether, with 
the help of which the hydrocarbons can be removed easily. 

The sterols obtained by the saponification of the dinitroben- 
zoates showed under the microscope the appearance of a mixture 
of cholesterol and sitosterol crystals. They were acetylated, and 
the acetates were treated with bromine in the usual way. There- 
by two crops, representing 84 to 85 per cent of the acetates of an 
insoluble bromide, could be obtained. Like dibromocholesteryl 
acetate, this material showed the melting point 117°. On de- 
bromination cholesteryl acetate having a melting point of 114° 
and [a]? = —43.05° was obtained. After saponification this gave 
a cholesterol having a melting point of 148° and [a]? = —39.51°, 
from which the benzoate melting at 146° and becoming clear at 
175° was prepared. 

According to Menozzi and Moreschi, the bombicystery] acetate 
should be present in the mother liquors in the form of a soluble 
dibromo derivative. Through debromination of the mother 
liquor an acetate with a melting point of 124-125° was obtained 
(equal to 11.75 per cent). Since, however, the solubility of di- 
bromocholestery] acetate cannot be neglected, it was to be expected 
that the high melting acetate was still contaminated with cho- 
lesteryl acetate; hence, it was again purified through the dibromo 
derivative, whereby another small amount of dibromocholesteryl 
acetate was removed. After the second purification it melted at 
127°, [a] = —39.8°. The data given for bombicysteryl acetate 
are melting point 129°, [a]? = —42.7°. 

The sterol prepared from the acetate melted at 139°, as com- 
pared with 148° which is given as the melting point of bombicys- 
terol. Its appearance is very similar to that of ordinary sitosterol. 


1A description of the hydrocarbons will be presented in a later pub- 
lication. 
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The dinitrobenzoate of the sterol, m.p. 199-200°, [a]? = —11.0°, 
showed no depression of the melting point when mixed with sito- 
steryl-3 ,5-dinitrobenzoate, m.p. 201°. The analysis of the 3,5- 
dinitrobenzoate finally furnishes definite proof that the formula of 
the sterol in question is C29H500, like that of sitosterol. 

The results of this investigation have led the author to believe 
that the substance described in the literature under the name of 
bombicysterol consists of a mixture of varying amounts of cho- 
lesterol and sitosterols. 


EXPERIMENTAL 


The chrysalis oil was of a yellow-brown color and had an agree- 
able odor somewhat like that of linseed oil. It had deposited 
amorphous white material which was resuspended in the oil by 
thorough shaking. 

For the saponification 100 gm. of oil were heated with 200 ce. 
of alcoholic potassium hydroxide (containing 200 gm. of KOH in 
1 liter of 70 per cent alcohol) on the steam bath for 30 minutes. 
The solution was then mixed with 600 cc. of distilled water, trans- 
ferred to a separatory funnel, and extracted first with 800 cc. and 
then four times with 400 cc. of ether. After being dried over 
anhydrous sodium sulfate, the ether was removed by distillation. 
From 1800 gm. of oil 28 gm., or 1.55 per cent, of an almost color- 
less unsaponifiable material were obtained. A second saponifica- 
tion was found to be unnecessary. 

The unsaponifiable material was dissolved in 250 ce. of dry pyri- 
dine, 20 gm. of 3 ,5-dinitrobenzoyl chloride were added, and the 
mixture heated on the steam bath for 1 hour. After cooling, the 
mixture was poured into dilute sulfuric acid, the precipitate was 
filtered, dried in a desiccator, and extracted five times with 250 
ce. of boiling petroleum ether. The insoluble crystalline residue 
was washed with acetone and recrystallized once from ethy! ace- 
tate. The yield was 6 gm. On concentration of the petroleum 
ether solutions, a second crop of 3.8 gm. of benzoates was collected. 

The 3 ,5-dinitrobenzoates crystallized in the form of slender, 
slightly yellowish prisms. After several recrystallizations from 
ethyl acetate or chloroform and alcohol, they melted at 191°, 
la] ° = —13.80°. The benzoates were refluxed with 50 times the 
amount of 5 per cent alcoholic potassium hydroxide for 2.5 hours. 
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The sterols were then precipitated with water and recrystallized 
once from 90 per cent alcohol. The melting point was 146—147°, 
The acetates prepared in the usual manner melted at 115~-120°. 

Isolation of Cholesterol—2 gm. of the mixture of acetates de- 
scribed above were dissolved in 20 ce. of ether, and the solution 
was mixed with 25 cc. of a 5 per cent solution of bromine in glacial 
acetic acid. The mixture was kept in the ice box for 6 hours, 
after which 1.86 gm. (equal to 67.6 per cent of the acetate) of a 
colorless crystalline bromide had separated. After three recrys- 
tallizations from ethyl acetate and alcohol, it was obtained in the 
form of colorless prisms, melting point 117°. The substance was 
debrominated by refluxing with zinc dust in glacial acetic acid. 
The acetate, obtained in the usual way, meltedat 114°. This melt- 
ing point could not be raised through further recrystallizations. 

Rotation—0.108 gm. of substance dissolved in CHCl; and made 
up to 3 ce. gave in a 1 dm. tube a reading of —1.55°, hence [a]2 = 
—43.05°. 

On saponification the acetate gave cholesterol melting at 148°. 

Rotation—0.1231 gm. of substance dissolved in CHCl]; and made 
up to 3 ce. gave in a 1 dm. tube a reading of —1.62°, hence [a]?! = 
—39.51°. 

The mother liquor of the dibromocholestery] acetate on further 
standing deposited 0.46 gm. (equal to 16.72 per cent of the acetate) 
of a bromide, which after two recrystallizations from ethyl acetate 
and alcohol melted at 118-120°, and which on debromination gave 
cholesteryl acetate with a melting point of 114° and [a]?! = —42.3°. 

Altogether 84.32 per cent of the acetates had been precipitated 
as dibromocholesteryl acetate. 

Isolation of Sitosterol—The mother liquor containing the soluble 
bromo compounds was debrominated in the usual way, and the 
acetate was precipitated with water and recrystallized once from 
ethyl alcohol. 0.235 gm. of an acetate of m.p. 124—126° was 
obtained. The high melting acetates obtained from different 
sets of experiments were united and again subjected to bromina- 
tion. A small amount of an insoluble bromide, corresponding te 
about 5 per cent of the acetates, was precipitated. The mother 
liquor on debromination gave an acetate which after three recrys- 
tallizations from methanol melted at 127°. 

Rotation—98.2 mg. of substance dissolved in CHCl; and made 
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up to 3 cc. gave in a 1 dm. tube a reading of —1.29°, hence [a]? = 
—39.8°. 

On saponification the acetate gave a sterol which after one re- 
crystallization from methanol showed the melting point of 138- 
141°. After four further recrystallizations the sterol melted at 
138-139° to a turbid liquid which became clear at 141°. 

Rotation—0.1131 gm. of substance dissolved in CHCl; and made 
up to 3 ce. gave in a 1 dm. tube a reading of —1.355°, hence [a]” = 
—35.94°. 

Sitosteryl-3 , 5-Dinitrobenzoate—Equal amounts of sterol and 
3,5-dinitrobenzoyl chloride were heated in pyridine solution on 
the steam bath for 1 hour. The reaction product was isolated in 
the usual way, washed once with acetone, and recrystallized six 
times from ethyl acetate and a mixture of chloroform and alcohol. 
The purified product crystallized in slightly yellowish hexagonal 
plates with a melting point of 199-200°. 

Rotation—0.0803 gm. of substance dissolved in CHCl; and made 
up to 3 ce. gave in a 1 dm. tube a reading of —0.295°, hence [a]?” = 
—11.0°. 


Analysis—4.869 mg.:12.655 mg. CO, and 3.72 mg. H,0 
3.496 “ :0.146 cc. N; at 24° and 746 mm. 


Found. C 70.90, H 8.55, N 4.71 
C.sHwOCOCH;(NO2):. Calculated. ‘“ 71.00, “ 8.62, “ 4.60 
C2;HsOCOC,H;(NO2)>. 70.30, “ 8.34, “ 4.83 


When mixed with sitosteryl-3 ,5-dinitrobenzoate of plant origin, 
melting at 201°, a melting point of 199-201° was observed. 

All the remaining mother liquors from the different recrystalliza- 
tions of the sterols and their derivatives, which had not been 
purified through the bromides, were united and transformed into 
the acetates which were then brominated. With this material 
similar results were obtained as described above. About three- 
fourths of it consisted of cholesteryl acetate and the remainder of 
sitosteryl acetates. 


SUMMARY 


The unsaponifiable fraction of the chrysalis oil of Bombyx mori 
has been investigated. It has been found to amount to about 1.5 
to 1.6 per cent of the oil and to contain, besides large amounts of 
hydrocarbons, 33 per cent of sterols. 
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The sterols consist of a mixture of about 85 per cent cholesterol 
and 15 per cent sitosterols. The presence of bombicysterol could 
not be detected. 
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ON WALDEN INVERSION 


XVIII. ANALYSIS OF ROTATORY DISPERSION CURVES OF 
a-SUBSTITUTED NORMAL CARBOXYLIC ACIDS 


By P. A. LEVENE anp ALEXANDRE ROTHEN 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, July 5, 1934) 


The present communication deals with substituted acids (and 
their sodium salts) of the following type: 


COOH 


| 
ait die 
CH: 


(where X =: I, Br, OH, or OCHS). 

The work was undertaken in the hope that the rotatory disper- 
sion curves of these substances might furnish information which 
would be of assistance in solving the still controversial conclusions 
regarding the configurational relationship of a-substituted halo- 
geno and hydroxy acids. The latter problem may be regarded 
as the key to the solution of the broader problem of Walden 
inversion. 

In the discussion of the relationship between the chemical 
structure and optical activity of substances containing 1 asym- 
metric carbon atom, it was previously found advantageous to 
stress not so much the total optical activity of a substance in the 
visible region, as the partial activities, on the one hand, of the radicle 
with pronounced chromophoric properties in the near ultra-violet 
region, and on the other, of the sum of the partial rotations of the 
three other groups attached to the asymmetric carbon atom. The 
importance of measuring the partial rotations should have been 
evident from the time Drude announced his theory of optical 
533 
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dispersion, yet the interest of chemists awakened to it only after 
the more recent theoretical discussions of Kuhn and Freudenberg.' 
Studies in this direction have already yielded certain significant 
general conclusions.?* At this time reference will be made to 
one only. 
Given a substance of the type 


(where X = any chromophoric group with the absorption band 
in the near ultra-violet and R,; and Rez are normal alkyl! radicles), 
the direction of the partial rotation of X remains constant for the entire 
series homologous with respect to Re, provided Rz > Ri, and 
conversely, the direction of the partial rotation of X, changes as soon 
as R, > Re, thus showing that the direction of the partial rotation 
of X is determined by the clockwise or counter-clockwise arrange- 
ment, according to their size, of H, Ri, and Re.* The direction 
of the partial rotation does not of itself, however, necessarily de- 
termine the direction of the molecular rotation of the substances 
in the visible part of the spectrum. 


In the case when X is replaced by X;, X2, Xs ..., provided 
COOH COOH COOH 
rs ma H—C—SH 
om cn, on, 
I Il III 


1 Kuhn, W., and Freudenberg, K., Drehung der Polarisationsebene des 
Lichtes, Handbuch und Jahrbuch der chemischen Physik, Leipsic (1932). 

* Levene, P. A., Rothen, A., and Marker, R. E., J. Chem. Physic., 1, 
662 (1933). 

3 Levene, P. A., and Rothen, A., J. Chem. Physic., 2, 681 (1934). 


‘ This arrangement determines the vicinal effect of the group R:—C—R:. 
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the groups are chemically similar, it may be warranted to assume 
that the first and second partial rotations will remain unchanged. 
On this basis, the sign of the first and second partial rotations 
should be the same for the three above substances (Formulas I, 
II, III). 

However, Kuhn accepts that whereas similar groups such as 
Br, I, N; should produce the same vicinal effect, they need not 
have partial rotations of the same sign in configurationally related 
acids. It can be seen, however, that in the bromo, iodo, and azido 
propionic acids the Br, I, and N; radicles have partial rotations of 
the same sign when the second contributions are of identical 
direction. Recently Kuhn and Bein’ assumed that in similar 
inorganic complex salts the first rotatory contribution was of the 
same sign for configurationally related substances. 

It may be added that the iodo and azido acids may be correlated 
in the above sense also from the fact that resolution by brucine 
leads to a dextro halogeno and a levo azido acid. This conclusion, 
then, may serve for the correlation of a-hydroxy- with a-halogeno- 
carboxylic acids. 

It is generally accepted that a-hydroxy and a-amino acids are 
configurationally related when they rotate in the same direction. 
Thus, dextrorotatory alanine (V) is correlated to dextrorotatory 
lactic acid (IV). Furthermore, it is known that levo-a-azidopro- 


COOH COOH 
| | 
H—C—OH H—C—NH; 


CH; CH; 
.* Vv 


pionic acid can be reduced to dextro-alanine. It may therefore be 
concluded that dextro-lactic acid is configurationally related to 
levo-a-azidopropionic acid (the azido contribution of the latter 
being dextro). It then remains to correlate the latter acid with 
a-iodopropionic acid. In order to do this, it was necessary to 
determine in which iodopropionic acid (dextro- or levo-) the 


5 Kuhn, W., and Bein, K., Z. anorg. u. allg. Chem , 216, 321 (1934). 
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direction of the partial rotation of the iodine atom is to the right. 
As may be seen from the experimental part, the dextro acid was 
found to be the one having such a contribution for the iodine 
atom. Thus, dextrorotatory iodopropionic and levorotatory 
azidopropionic acids are configurationally related. It follows that 
dextro-halogeno acids are configurationally related to dextro- 
hydroxy acids. 

It may be mentioned at this time that in a very recent article 
Boys* revives in a modified way the concept originally advanced 
by Crum Brown’ and by Guye® that optical activity may be 
explained on the basis of the asymmetry of the molecule as a whele 
without reference to the dichroisms of the absorption bands of the 
four groups attached to the asymmetric carbon atom. One of the 
differences between the older and the new theory lies in the prop- 
erty chosen for determining the respective order of the groups. 
Boys suggests that the volume of the groups would be an adequate 
parameter. In a restricted group of substances the Boys concept 
would be satisfactory, just astherule of Crum Brown and Guye was 
adequate in a still more restricted sense. From a private commu- 
nication we learn that Dr. Boys is developing his theory into one 
of more comprehensive character. For a group of substances 
such as the one discussed in the present paper, the theory of Boys 
does not hold when applied to the calculation of the sign of rotation 
of a molecule as a whole. This is probably due to the fact that 
in his theory no provision is made for the most important part 
played by the weak absorption bands located in the near ultra- 
violet region. (The theory of de Mallemann presented the same 
defect.) On the other hand, his volume concept might prove use- 
ful for the determination of the sign of the circular dichroism of a 
band due to one of the four groups attached to the asymmetric 
carbon atom—the sign being determined by the arrangement of the 
three remaining groups according to their volume (clockwise or 
counter-clockwise). Thus, for the substances studied in this 
paper, the groups may be arranged according to their increasing 
volume in the following order: H, OH, CH;, OCH;, COOH. This 
being assumed, it is found that: 


6 Boys, 8. F., Proc. Roy. Soc. London, Series A, 144, 655 (1934). 
7 Brown, C., Proc. Roy. Soc. Edinburgh, 17, 181 (1890). 
* Guye, P. A., Compt. rend. Acad., 110, 714 (1890). 
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1. In configurationally related iodopropionic and lactic acids 
the anisotropy of the iodine in the first will be of the same sign as 
that of the carboxyl of the latter. Hence, the two acids should 
rotate in the same direction. The same conclusion was reached 
by the method discussed earlier in this paper. 

2. In configurationally related lactic and methoxylactic acids, 
the partial rotation of the carboxyl group should be of opposite 
sign, as was actually found in the course of this work. 


TaBLe | 
Sign of Total and Partial Rotations of Compounds Studied 
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Acids ton in | Siew of rt con | of rect | of dispersion 
—— mole- 
cule 
2-Iodopropionic acid............ + |L+ - Normal 
Na salt of 2-iodopropionic acid..| — | 1, + — | Anomalous 
2-Bromopropionic acid.......... + | Br,+ — | Normal 
Na salt of 2-bromopropionic 
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Na salt of 2-bromocaproic acid..| + |COONa(?),—| + | Anomalous 
sts ls wom me de odin + | COOH, + ~ N ormal 
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0 SE ee. © — |COOC.H;, + - “ 
Methoxylactic acid............. — | COOH, — — | Normal 
Na salt of methoxylactic acid.... — | COONa, — - ” 
Ethyl methoxylactate........... — |COOC,H;, — - * 





Our results on the analysis of the dispersion curves of the com- 
pounds studied have been summarized in Table I. 

Absorption Curves—Inasmuch as the interpretation of the dis- 
persion curves depends on a knowledge of the absorption curves, 
the latter were made the subject of a special study, the results of 
which are given in Figs. 1 to 4. As previously reported,’ the 
curves follow a Maxwellian distribution, and their different param- 
eters are summarized in Table II. 

Rotatory Dispersion Formule—In harmony with our previous 
communications,?* the dispersion curves have been expressed by 
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two terms of dispersion. *® 
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Fia. 1. Absorption curves of iodopropionic acid and its sodium salt 


that a Kuhn term proved more satisfactory than a Drude term 
for expressing the partial rotations contributed by the first. ab- 


* The dispersion curve of bromocaproic acid cannot be represented accu- 


rately by only two terms. This is probably due to the fact that the second 


term, being small, must be the sum of at least two terms of opposite sign of 
about the same magnitude. 





Whenever the measurements could be 
carried sufficiently far into the ultra-violet region, it was found 
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(For a more complete discussion see our pre- 
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Analysis of Dispersion Curves—In all the compounds studied, the 

dispersion constant \o of the first term of the rotatory formula corre- 
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Fie. 2. Absorption curves of bromopropionic and bromocaproic acids 





and their sodium salts. 
sponds to the head of the first absorption band observed. In other 
For the 


words, it has a true physical significance. 

The case of the halogeno acids is of special interest. 
esters and the dimethylamides of the chloro and of the bromo 
acids, the partial rotations of the halogens and the rest of the 
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molecule containing the carboxyl group were measured by Kuhn. 
This author attributed to the halogen atoms the first absorption 
band. There is a certain arbitrariness in this assumption, inas- 
much as the position of the absorption band of the a-carboxyl 
group in simple monocarboxylic acids is located nearer to the 
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Fig. 3. Absorption curves of lactic acid; its sodium salt and ethyl ester 


visible region of the spectrum than are those of the chlorine and 
bromine in the simple aliphatic halides. On the other hand, in 
the iodides the condition is reversed, the absorption band of the 
iodine in the simple aliphatic iodides being nearer to the visible 
region of the spectrum than that of the carboxyl of the simple 
aliphatic carboxylic acids. 
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We therefore decided to begin our study of the dispersion curves 
of the halogeno acids by examining that of iodopropionic acid 


(and of its sodium salt). The absorption curve of the first ex- 


P. A. Levene and A. Rothen 





115 


105 











85+ 


I) H-G-0CH, 
3 
cooNa 
1) H-¢-OCH; L/ 


GO0CeHs 
ll) H-C-OCH; / 
¢ 


COOH 








nae 





Hi 





Lol 


if 





oe 








Li 
THis 





15 











5 











Ay] 
Af 











2600 


Fig. 4. Absorption curves of methoxylactic acid; its sodium salt and 


ethyl ester. 


hibited a maximum at 2840 A. and the latter at 2660 A. both bands 
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being undoubtedly due to the iodine atom. 
same band with a maximum at 2525 A.) 
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(Iodobutane has the 
Interpretation of the 
dispersion curves of these two compounds presents no difficulty. 
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The rotation of the acid is expressed by two terms of opposite 
sign, the first and major one corresponding to the iodine contribu- 
tion. The slight deviation between calculated and observed 























TaBLeE II 

Absorption Constants of Compounds Studied 

€ max. 

(maxi- 

mum 

Compounds Solvent molecular do a 
extinction 

coeffi- 

cient) 
Iodopropionic acid................ Heptane 310 0. 2840/0.0336 
Na salt of iodopropionic acid. ....| Water 410 0. 2660/0 .0312 
Bromopropionic acid..............| Heptane 308 /0.2300/0.0222 
Na salt of bromopropionic acid. ..| Water 390 (0.22000.0282 
SS Ea Ee ere ee “« + HCl 77 ~=|0.2100/0.0162 
Ethyl ester of lactic acid.........| Alcohol 90 (0.2150/0.0162 
Methoxylactic acid........... Heptane 95 0. 2170/0.0163 
Ethyl ether of methoxylactic acid. - 105 0. 2200/0.0180 





Taste III 
Rotatory Dispersion of Dextro-2-Iodopropionic Acid-1 in Heptane and Its 
Levo Sodium Salt in Water 
Concentration of acid = 0.2547 m, | = 40 cm.; concentration of sodium 
salt = 0.2196 m, 1 = 40cm. Measurements are on levo form. 




















Dextro acid Levo sodium salt 
. al 26.379 13.687 
(Mp (MP = 590808 000, (Mie 
A. degrees degrees degrees degrees degrees 
5892.6 5.525 54.22 54.11 —2.503) —28.49 
5780.1 5.8395 57.31 57.22 —2.625| —29.88 
5460.7 6.911; 67.83 67.83 —3.020| —34.38 
4358.3 15. 165 148.8 148.8 —5.360| —61.0 
4046 .6 5.30 208.1 205 —6.46 | —73.5 
(1 = 10 em.) 
3600 1.05 412 383 
(l = 1 em.) 




















values (see Table III) for the last two measurements is easily 
explained by the fact that we used a Drude instead of a Kuhn 
dispersion term. 
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The rotation of the sodium salt (Table III) in the visible region 
of the spectrum is of opposite sign to that of the acid, and the 
dispersion curve exhibits an abnormal course, thus showing that 
in the visible region the partial contribution of the rest of the 


Taste IV : 
Rotatory Dispersion of Dextro-2-Bromopropionic Acid-i in Heptane 
Concentration = 0.3714, m; visible region, | = 40 cm.; ultra-violet region, 
| = 10 em. from 3770 to 3480 A., 5 em. from 3125 to 3050 i. 5mm. for 2860 A.., 
1 mm. for 2770 to 2500 A. Measurements are on levo form. Rotations in 
the last column are calculated from the expression 


or -(*) Av 6 28.544 
pur = 8, 7 [ ¢ deta |; ——— 
0 


0.564) 2X +o) | A — 0.042 


where ¢ = 3750°, Ay = 0.2530, Ao = 0.2300, and @ = 0.0222. This expression 


37.3417 28.544 
?— 0.053. r»* — 0.042 for \ > 0.3190. 








may be reduced to [M]*5 = 








N a® (My (My 

A. degrees degrees degrees q 
5892.6 4.964 33.40; 33.40 
5780.1 5.219 35.12 35.12 
5460.7 6.056 40.75; 40.88 
4358.3 11.75; 79.11 79.11 
4046.6 15.13 101.8 102.7 
3770 5.00 134.6 133.9 
3675 5.50 148.0 148.3 
3600 6.00 161.5 161.6 
3540 6.50 175.0 173.8 
3480 7.00 188.4 187.5 
3125 6.20 333.8 348 
3050 a ae 387.6 417 
2860 1.32 710.6 709 
2770 0.35 942 1100 
2580-2500 0.20 (0.124 m) 1600 














molecule predominates, being of the opposite sign to that of the 
first absorption band. Therefore definite proof is furnished that 
the sign of the partial rotation of the iodine atom is the same in the acid 
as in its sodium salt. 

On the basis of our observations on the a-iodopropionic acid, 
Kuhn’s conclusion regarding the first absorption band of the a- 
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chloro- and of the a-bromopropionic ethyl esters seems justified 
and the dispersion curves of the a-bromopropionic and of the 
a-bromocaproic acids may be interpreted on the same assumption 
(Tables IV and VI). 

A special discussion, however, is required regarding the behavior 
of the sodium salts of these two acids. It has been previously 
reported by Levene, Mori, and Mikeska" that in the homologous 
series of a-bromo acids the salt of the first member rotates in the 


TABLE V 
Rotatory Dispersion of Levo Sodium Salt of Bromopropionic Acid in 
Water 
Concentration = 0.6489 m; visible region, | = 40 cm.; ultra-violet region, 
l= 5cm.* 








A. degrees degrees degrees 
5892.6 —2.042 —7.867 —7.822 
5780.1 —2.159 —8.318 —8.281 
5460.7 —2.553 —9.836 —$§.836 
4358.3 —5.39 —20.77 —20.77 
3990 —0.92 —28.4 —28.8 
3900 —1.02 —31.6 —31.5 
3795 —1.13 —34.8 —35.2 
3700 —1.23 —37.95 —39.0 
3560 —1.455 —44.9 —46.0 
3190 —2.49, —76.9 —76.7 
3060 —3.01; —92.95 —95.3 














* Owing to appreciable racemization, a small correction was applied to 


some of the experimental values of a** to make all the values comparable 
(1.5 per cent in 8 hours; measurements on dextro form). 


visible region in the opposite direction to that of the higher mem- 
bers and also in the opposite direction to the acid (Table V). The 
dispersion curve of the salt of the lower member exhibits a normal 
course, thus showing that, in the visible region, the partial rotation 
of the first absorption band predominates. The dispersion curve 
of the higher member is anomalous, indicating that the partial 
rotation of the second band predominates in the visible region 
(see Tables I and VII). 


10 Levene, P. A., Mori, T., and Mikeska, L. A., J. Biol. Chem., 76, 337 
(1927). 
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In the case of a-iodopropionic acid, each of the two contributions 
remains of the same sign in the acid and in the salt. It is justified 
to assume that the same condition persists in the bromo acid. 
How then can the levorotation and the normal dispersion of the 


TaBie VI 
Rotatory Dispersion of Dextro-2-Bromocaproic Acid-1 in Heptane 


Constants of sample, n> = 1.4700, 6{* = 1.3819; concentration = 0.5147,M; 
visible region, 1 = 40 cm.; ultra-violet region, 1 = 10 cm. from 3900 to 3460 
A., 5em. from 3395 to 3120 A., 0.5 em. for 2945 and 2850 A., 0.1m. for 2730 A. 
Measurements are on levo form. Rotations in the visible region may be 




















16.318 
6 se i «Vi ; 26 
expressed by [M] x — 0.0847 and in the ultra-violet region by [M] 
16.416 1.622 
— 0.0547 A? — 0.042" 

s a® (Mp (Mi. 

A. degrees degrees degrees 
5892.6 11.485 55.783 55.783 
5780.1 12.024 58.400 58.404 
5460.7 13.803 67.041 67.016 
4358.3 24.84 120.6; 120.6; 
4046.6 30.70 149.1 149.6 
3900 8.65 168.0 169.4 
3775 9.65 187.5 188.2 
3720 10.15 197.2 197.4 
3615 11.15 216.6 217.5 
3530 12.15 236.0 236.7 
3460 13.15 255 4 254.7 
3395 7.10 275.9 273.6 
3195 9.10, 350.6 353.6 
3120 10.10 ~ 392.4 390.1 
2945 1.35 524 521 
2850 1.60 622 631 
2730 0.40 780 848 

















sodium salt of a-bromopropionic acid be interpreted? (See 
Tables I and V.) The simplest explanation is that in the salt of 
this acid, the group COO- exhibits the first absorption band. 
Conversely, the dextrorotation and the anomalous dispersion of 
the sodium salt of a-bromocaproic acid can be explained on the 
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assumption that the dextrorotatory absorption band of the bro- 
mine atom is now the second absorption band. 

Incidentally it may be mentioned here that a comparison of the 
dispersion formule and the maximum molecular rotations of 
successive members of the homologous series of a-bromo acids may 
serve still another purpose. In this series of acids, the maximum 
rotations of the individual members increase progressively in the 
higher members" and simultaneously the comparative values of 
the second contributions decrease. Therefore the dispersion 


TaBLe VII 
Rotatory Dispersion of Dextro Sodium Salt of 2-Bromocaproic Acid-1 in 
Water 
Concentration = 1.010; M; visible region, / = 40 cm.; ultra-violet region, 
l = 5em., 0.1 cm. for 2660 A. Measurements are on levo form. 























a 
as (M}* " ssess aed : 
h? — 0.040 

A. degrees degrees degrees 
5892.6 +9.272 +22.94 +22.98 
5780.1 +9.646 +23. 86 +23 .86 
5460.7 +10.762 +26. 625 +26 .64 
4358.3 +16.25 +40.20 +40.17 
4046.6 +18.20 ~* +45.03 +45 .03 
3950, 3220 +2.35 +46.5 +46.5, +45.1 
3640, 3460 +2.60 +51.4 +50.4, +50.8 
3130 +2.10 +41.5 +39 
2660 —0.15 —150 —170 





constants (those obtained by one Drude term valid for the rota- 
tions over a small wave-length interval) progressively decrease. 
This course of events might lead to the formulation of a rule that 
in @ homologous series, the members with the highest dispersion con- 
stants will have the smallest maximum rotation, provided the two 
principal partial contributions are of opposite sign. In cases in 
which the resolution of a substance to the maximum rotation is 
difficult, and where two members (or more) are given, then the 


" Levene, P. A., J. Am. Chem. Soc., 66, 1295 (1933). 
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dispersion constants of the two substances will indicate which of 























O- 
them should have the lower maximum rotation. 
1e Case of Lactic Acid and Its Sodium Salt and Ethyl Ester—The 
of rotation of lactic acid may be expressed by two terms of opposite 
Ly 
m Tasie VIII 
ne Rotatory Dispersion of Dextro-Lactic Acid in Water and HCl (0.05 m) 
of Concentration = 1.215 M; visible region, 1 = 40 cm.; ultra-violet region, 
mn 1 = 5em. from 3750 to 2550 A., 1mm. for 2355 A. 
17.072 
S re me Bas 
in A? — 0.037 
A. degrees degrees degrees 
™ 5780.1 0.897 1.846 1.846 
= 5460.7 1.119 2.302 2.322 
4358.3 3.00 6.17 6.24 
4046 .6 4.35 8.95 8.95 
3750 0.85 14.0 13.0 
_ 3590 1.10 18.1 16.5 
3463 1.35 22.2 20.2 
3370 1.60 26.3 23.7 
3290 1.85 30.4 
3160 2.35 38.7 
3074 2.85 46.9 43.6 
3005 3.35 55.1 51.0 
2947 3.85 63.4 
2910 4.35 71.6 
2860 4.85 79.8 73.6 
2795 5.85 96.3 86.4 
= 2740 6.85 112.7 104.6 
2692 7.85 129.2 
a- 2665 8.85 145.2 134.0 
e 2635 9.85 162.1 
at 2605 10.85 178.6 162.7 
" 2558 12.85 211.5 201 
, 2550 13.35 219.7 208 
- 2355 0.85 700 572 
in 
is : 
sp sign, the first term being very slightly greater than the second 
(see Table VIII). The small rotation observed for lactic acid is 
easily understood, since the rotation in the visible portion of the 
spectrum is approximately only 3.5 per cent of the value of each 
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term; hence the difficulty in finding appropriate equations to 
express accurately the whole dispersion curve. The change in 


TaBLe IX 
Rotatory Dispersion of Levo Sodium Salt of Lactic Acid in Water 

Concentration = 0.9112; m; visible region, / = 40 cm.; ultra-violet region, 
l= 5 cm. from 3840 to 2465 A. 1 cm. from 2410 to 2360 A,, 0.5 em. for 2345 A. 
The rotatory dispersion for the visible region may be accurately expressed 

4.1439 
A? — 0.0300" 
from the equation 


A | ¢ y’ . 6 | 7.114 
2 = « == e © oz _ : 
[M] x e i e* dz to ) rT) where A 


= 318.6, \o = 0.2150, and @ = 0.00901, which reduces for \ > 2500 to [M}*§ 
2.871 7.114 


~ )?— 0.0463 0? — 0.035" 


by [M}** = — The figures in the last column are calculated 























» a (My iM). 
A. degrees degrees degrees 
5892.6 —4.758 — 13.053 
5780.1 — 4.967; — 13.628 — (13.04) 
5460.7 —5. 63; —15.455 
4358 .3 —9.44, —25.91 
4046 .6 —11.23 —30.81 —30.81 
3840 —1.58 —34.7 
3610 —1.83 —40.2 
3400 —2.08 —45.6 — 46.8 
3240 —2.33 —51.1 
3190 —2.58 —56.6 
2900 —3.08 — 67.6 —68.9 
2740, 2465 —3.58 —78.6 —78.0, —77.0 
2700, 2510 —3.68 —80.8 —79.8, —82.2 
2410 —0.45 —49.4 —49.1 
2395 —0.35 —38.4 —35.9 
2382 —0.25 —27.4 —25.7 
2375 —0.15 —16.4 —18.0 
2360 —0.05 —5.5 0.0 
2345 +0.10 +11.0 +23 





sign of rotation observed in the visible region from lactic acid to 
its sodium salt and ethyl ester (Tables [IX and X) respectively is 
easily understood, since the rotations of the two latter have been 















TABLE X 
Rotatory Dispersion of Levo-Ethyl Lactate without Solvent 
Constants, 625 = 1.0272, np = 1.4110; visible region, 1 = 20 cm.; ultra- 
to violet region, 1 = 5 em. from 3880 to 2955 A., 0.5 cm. from 2930 to 2560 A., 
in 0.1 em. from 2515 to 2480 A. , 


















































or = i 
r ad (M/s 10.9030 
NF — 0.080 
on, A. degrees degrees degrees 
A. 5892.6 ~13.581 ~7. 806 ~7.852 
sed 5780.1 —14.073 —8.089 —8.126 
ed 5460.7 —15.583 —8.957 —8.976 
4358.3 —22.03; —12.66; —12.634 
4046.6 —23.68 —13.61 —13.61 
3880, 3630 —6.00 —13.79 —13.93, —13.84 
A 3780, 3730 —6.10 —14.02 —14.02, —14.01 
3560 —5.85 13.45 —13.59 
ty 3475 —5.70 —13.10 —13.07 
3460 —5.60 —12.87 —12.94 
3363 —5.10 11.72 —11.89 
a 3230 —4.10 —9.42 —9.36 
3150 —3.10 —7.13 —6.96 
a 3100 —2.10 —4.83 —4.98 
3050 —1.10 —2.53 —2.52 
3035 —0.85 —1.95 —1.67 
3030 —0.60 —1.38 —1.38 
3020 —0.35 —0.80 —0.77 
3010 —0.10 —0.23 —0.14 
3005 +0.15 +0.34 +0.20 
2990 +0.40 +0.92 +1.23 
2980 +0.65 +1.49 +1.96 
2970 +1.15 +2.64 +2.71 
2955 +1.40 +3.22 +3.91 
2930 +0.22 +5.1 
2915 +0.32 +7.4 
7.0 2900 +0.42 + $0.65 +9.09 
2.2 2840 +0.72 - 416.5 
2815 +0.92 421.1 +20.2 
2770 +1.17 +26.9 +28.1 
2740 +1.42 +32.6 +34.6 
2703 +1.92 +44.1 +44.0 
+55.8 




















550 Walden Inversion. XVIII 


found to be anomalous. The rotation reaches a maximum at 
2570 A. for the sodium salt and 3750 A. for the ethyl ester. The 
change in sign of rotation occurs at 3008 A. for the ester and at 
about 2355 A. for the salt. Hence, the sign is the same for the 


TaBLe XI 
Rotatory Dispersion of Levo-Methoxylactic Acid without Solvent 


n> = 1.4134; visible region, 1 = 10 cm.; ultra-violet region, / = 1 em. from 
3890 to 2550 A., 0.1 cm. for 2530 A. (5? = 1.09 from Beilstein’s tables). 











0.8757 
r as {M}s re — 

x? — 0.026 
A. degrees degrees degrees 

5892.6 —51.578 —49.240 —49.246 

5780 1 —53.793 —51.355 —51.355 

5460.7 —61.000 —58.235 —58.162 

4358.3 —101.72 —97.11 —96.90 
4046 .6 —121.17 —115.68 —115.5 
3890 —13.15 —125.5 —127.1 
3790 —14.15 —135.1 —135.6 
3680 —15.15 —144.6 —145.9 
3590 —16.16 —154.3 —155.3 
3430 —18.17 —173.5 —174.8 
3295 —20.17 —192.6 —194.5 
3177 —22.18 —211.7 —214.8 
3083 —24.19 — 230.9 — 233.7 
3010 — 26.20 —250.1 —250.5 
2930 —28.20 —269.2 —271.2 
2862 —30.20 — 288.3 —291.3 
2805 —32.22 —307.6 —310.1 
2755 —34.22 —326.7 —328.5 
2707 —36.23 —345.9 —348.9 
2667 —38.24 —365.1 —366.0 
2615 —41.15 —392.8 —392.1 
2550 —46.17 —440.8 —429.9 
2530 —47.17 —450.3 —443.1 














partial rotations of the chromophoric groups COOH, COO, 
COOC.Hs. 

Case of Methoxylactic Acid and Its Sodium Salt and Ethyl Ester— 
The direction of rotation of these three compounds is the same in 
the visible region (Tables XI to XIII). The analysis of their 
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dispersion curves has shown that the latter might be expressed 


by two terms of the same sign. In view of this fact, the great 


absolute rotatory power of methoxylactic acid and its derivatives 


as compared with that of lactic acid is readily understood. 


In 


one case the observed rotation is the sum and in the other the 
difference of partial rotations of about the same order of magnitude. 


TaBLe XII 


Rotatory Dispersion of Levo Sodium Salt of Methorylactic Acid in Water 


Concentration = 1.041, M; visible region, / = 10 cm.; ultra-violet region, 




















l=5cm. 
a 
r -” (Mps 7 ue 

n A? — 0.022 
A, degrees degrees degrees 

5780.1 —3.987 — 38.30 —38.30 

5460.7 —4.508 —43.30 —43.29 

4358.3 —7.47 —71.7; —71.29 
4046.6 —8.80 —84.5 —84.5 
3810 —5.05 —97.0 —97.4 
3545 —6.05 —116.2 —115.8 
3320 —7.05 —135.4 — 136.3 
3150 —8.05 — 154.6 —155.9 
3025 —9.05 —173.8 —173.5 
2910 —10.05 —193.1 —192.8 
2810 —11.05 —212.3 —212.5 
2720 —12.05 —231.5 — 233.5 
2650 —13.05 —250.7 —252.3 
2580 —14.05 — 269.9 — 273.9 
2520 —15.05 — 289.1 —295.3 

EXPERIMENTAL 


Apparatus—The instruments described in previous articles?* 
were used for the determination of rotatory dispersion and ab- 
sorption curves. Unless otherwise indicated, wave-lengths are 
expressed in yu in all formule to comply with the usual convention 
adopted in polarimetry. 

Compounds—Compounds were prepared and resolved in the 


usual way. Great care was taken to obtain them in the highest 
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possible state of purity. All final distillations were made in all- 
glass apparatus and the substances were carefully fractionated. 


TaBLe XIII 


Rotatory Dispersion of Levo-Ethyl Ester of Methoxylactic Acid without 
Solvent 


n> = 1.3972, 8° = 0.9577; visible region, | = 10 cm.; ultra-violet region, 
1 = 5 em. from 3955 to 2788 A., 0.1 em. from 2752 to 2525 A. The figuresin 
the last column are calculated from the equation 
22.073 


AP —(*%=™/2 Aare 6 
M]*,. = — =| ( Y ) i @ ed | = 
MMleate. = — > L° 0 CF OE NI x — 0.025 
where A = 87.3, Ao = 0.2200, @ = 0.0180. This equation may be reduced to 
1.572 22.073 














25 
[MIcale. = — 0.0885 ~ ° — 0025 for \ > 2800. 

r at (MPs (My 

A. degrees degrees degrees 
5892.6 — 53.489 —73.777 —73.76 
5780.1 —55.765 —76.917 —76.92 
5460.7 —63.179 — 87.143 — 87.09 
4358 .3 — 105.31 — 145.25 — 144.93 
4046 6 — 125.23 —172.73 — 172.73 
3840 —71.05 — 196.0 —196.1 
3735 —76.05 — 209.8 —210.0 
3645 —81.05 — 223.6 — 223.3 
3550 — 86.05 — 237.4 — 238.8 
3480 —91.05 —251.2 —251.3 
3230 —111.05 — 306.3 — 306.4 
3135 — 121.05 — 333.9 — 332.8 
3045 — 131.05 —361.5 — 361.4 
2968 — 141.05 — 389.1 — 389.5 
2902 —151.05 —416.7 — 416.8 
2838 — 161.05 — 444.3 — 446.5 
2788 —171.05 —471.9 — 472.4 
2752 —3.55 — 490 — 492.8 
2650 —4.10 — 567 — 568 
2613 —4.35 —601 —601 
2585 —4.60 — 636 — 627 
2560 —4.85 — 671 — 654 














All the acids were titrated and analyses for C and H on each sub 
stance gave figures in agreement with the calculated values. 
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No attempt was made to resolve the compounds to the maxi- 
mum. However, the ratio of the rotations of the acids té those of 
their respective salts must be considered as characteristic of the 
substances, since the same source of material was used to deter- 
mine the dispersion of the acids and their salts.” 


22 We wish to thank Dr. R. 8. Tipson for his kindness in assisting in the 
preparation of the manuscript. 
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ROTATIONS OF THE NITROPHENYL ESTERS OF 
DISUBSTITUTED ACETIC AND PROPIONIC ACIDS 
AND OF THE CORRESPONDING FREE ACIDS 
By P. A. LEVENE, ALEXANDRE ROTHEN, anp G. M. MEYER 
(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 

(Received for publication, July 30, 1934) 


It has been shown by Levene, Rothen, and Marker' that given 
two homologous series of acids of the following types, Type I 


CH, CH: 
| | 
H—C—COOH ait Cannan 
| 
R R 
I II 


being a disubstituted acetic acid and Type II a disubstituted pro- 
pionic acid, then the partial rotations of the carboxyl groups in 
members of Type I are of opposite sign to those of members of 
Type II, regardless of the direction of the total rotation in the 
visible region of the spectrum of the members of the latter series. 
Thus, it was found that when all the members of Type I are levo- 
rotatory, then in the configurationally related series of Type II, 
the first member is levorotatory and all higher members are dextro- 
rotatory. The partial rotation of the carboxyl group in every 
member of Type II, however, remains to the right. 

The question arose as to the effect on the rotation of the members 
of each series produced by the substitution of the hydrogen atom 
of the carboxyl by a nitrophenyl group. The nitrophenyl group 
was chosen for the reason that it possesses absorption bands in 
the near ultra-violet region and therefore would be expected to 


1 Levene, P. A., Rothen, A., and Marker, R. E., J. Chem. Physic., 1, 662 
(1933). 
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produce a marked effect on the rotations of the substances in the 
visible region of the spectrum. 

In order to elucidate the mechanism of the shift of rotation, 
it was deemed desirable to analyze, in the case of the nitrophenyl 
esters, the partial rotations of the nitrophenyl group, on the one 
hand, and of the rest of the molecule, onthe other. This was accom- 
plished through the analysis of the dispersion curves of the nitro- 
phenyl esters by a method discussed by Levene, Rothen, and 
Marker in an earlier publication.'_ The optical rotation of each 
molecule is regarded as the sum of two partial rotations, one of the 
group with the absorption band nearest to the visible region of 
the spectrum and the other of the rest of the molecule. 

Since the maximum of the absorption bands of the nitropheny| 
group is at ~ 2700 A. and that of the carboxy] at ~ 2000 A., then 
the following three conditions must be considered in the case of 
nitropheny] esters. 

First, when the two partial rotations are of the same sign, then 
the value of Xo (the dispersion constant when the dispersion curve 
is expressed by one term of Drude) must be satisfied by the follow- 
ing relation. ~ 2000 A< Ao < ~ 2700 A. (normal dispersion). 

Second, when the partial rotations are of opposite sign, the first 
having the higher value, then A>») > ~ 2700 A. (normal dispersion). 

Third, when the partial rotations are of opposite sign, the second 
predominating, then, 4» < ~ 2000 A. (anomalous dispersion). 

The rotatory dispersions were measured in homogeneous state 
and in heptane. The reason for this procedure was the following. 
In the homogeneous state each molecule is surrounded by highly 
polar molecules (molecules with a high refractive index). It 
therefore may be regarded as a substance in a solvent with such 
properties. On the other hand, heptane is a neutral solvent with 
low refractive index. In the latter medium, therefore, the sub- 
stitution alone affects the change in rotation, whereas, in the homo- 
geneous state, upon the effect of substitution is superimposed that 
of the medium. 

For the sake of clearness of the discussion, the results are 
summarized in Table I. 

A scrutiny of Table I reveals the following effect of esterification. 
First, in the acetic acid series, there is observed a shift of rotation 
to the left. Second, in the substituted propionic acids measured 
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in homogeneous state the shift of rotation is likewise to the left. 
Third, in the substituted propionic acids, measured in heptane 
there is observed a considerable shift to the left in the first member. 
This shift is diminished numerically in the second member, 


TaBLe I* 


Maximum Molecular Rotativns of Correlated p-Nitrophenyl Esters of 
a-Disubstituted Acetic and Propionic Acids 














Free acids p-Nitropheny] esters 
= ot 
contriu- | Character of 
Min, re} dispersion 
First a 
2-Methylbutyric | —18.6 | In heptane —45.2 
acid-1 —18.0 | Homogeneous |—41.6 
2-Methylvaleric —21.6 | In heptane —23.0 
acid-1 —21.4 | Homogeneous |—22.0 
2-Methyleaproic In heptane —66.3 | — | — | Normal 
acid-1 —24.3 | Homogeneous |—57.8 | — | — " 
3-Methylvaleric —10.7 | In heptane —17.9 | + | — | Anomalous 
acid-1 —10.4 | Homogeneous |—20.2 | + | — =~ 
3-Methyleaproic +3.9;| In heptane +0.86 | + | — | Normal 
acid-1 +3.6 | Homogeneous | —5.11f| + | — | Anomalous 
3-Methylheptylic +6.3 | In heptane +6.1 
acid-l +6.1 | Homogeneous | +0.85 
3-Methyleaprylic +8.4 | In heptane +10.8 | + | — | Normal 
acid-1 +8.1 | Homogeneous | +4.2¢ | + | — as 























* With the exception of 2-methyl- and 3-methylvaleric acids-1, the signs 
of rotation in Tables I and II are opposite from those reported in the 
experimental part. : 

t Ina short note published by Levene and Meyer the value for the ester 
of 3-methyleaproic acid-1 was reported with the incorrect sign and the value 
reported for the ester of 3-methylcaprylic acid-1 in homogeneous state was 


’ erroneous. (See Stevens, P. G., J. Am. Chem. Soc., 56, 997 (1934).) This 


error is unaccountable in view of the fact that the polariscopic readings 
were made by two observers, G. M. Meyer and R. E. Marker. 


becomes zero in the third, and changes direction, being to the right 
in the fourth and hence in all higher members. 

The observations on the members of the substituted acetic 
acids are readily interpreted on the basis of the hypothesis enun- 
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ciated by Kuhn and Freudenberg? to the effect that a substitution 
on a given group produces an effect principally on the partial 
rotation of that group and a very minor one on its vicinal func- 
tion. Inasmuch as the partial rotation of the carboxyl group is 
to the left, the effect of esterification should be the accentuation 
of this rotation. However, it must be borne in mind that the 
second partial rotation in the members of this homologous series 
is likewise to the left; hence an accentuation of this partial con- 
tribution likewise should lead to a shift of the rotation to the left 
in the visible region of the spectrum. 

The effect of esterification on the members of disubstituted 
propionic acids lends itself to analysis better when the measure- 
ments are made in heptane. Again it must be recalled that in 
the first member of the free acids of this series the second partial 
rotation is greater than the first for the visible and the near ultra- 
violet regions, and in the second and all higher members the first 
partial rotation predominates. In the esters the second partial 
rotation predominates in the first member, which is evidenced 
by the anomalous course of its rotatory dispersion curve (Tables I 
and II) and by the fact that it is levorotatory; in the second and 
in all the higher members the first partial rotation predominates. 
The difference between the second and the fourth esters is the 
following. In the second ester, even though the first partial rota- 
tion predominates, the total rotation in the visible region is lower 
than that of the free acid, thus showing that the ratio of the second 
partial rotation to the first partial rotation in the case of the ester 
is greater than in the case of the free acid; whereas in the fourth 
member the conditions are reversed. 

It follows from this course of events that in the disubstituted 
propionic acids on esterification (nitrophenyl esters) both the first 
and the second partial rotations progressively increase in the mem- 
bers of the homologous series. The shift to the left in the lower 
members cannot be attributed to a drop in the dextrorotation of 
the first partial rotation, for this assumption would necessitate 
the conclusion that an identical substitution has different effects 
in successive members of one homologous series on the partial 
rotations of the identical group. Rather it should be concluded 


2 Freudenberg, K., Stereochemie, Leipsic and Vienna, 694 (1932). 
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that those acids in which the second partial rotation predominates 
in a high degree over the first will give rise to nitropheny] esters 
in which the second partial rotation predominates in a still higher 
degree, and the events will be reversed in those acids whose first 
partial rotation predominates much over the second. 

The general significant conclusion from all these observations then 
is that in two configurationally related substances whose two partial 
rotations are of opposite sign an identical substitution may effect 
shifts of rotation in different directions. 

In the homogeneous state there is observed a shift in rotation 
to the left in the case of all acids thus far analyzed. But, again, 
the numerical value of the shift progressively drops, so that the 
possibility is not excluded that in the still higher members the 
shift may turn to the right. Again, in this case, it is obvious that 
the shift to the left is due to a greater increase in the value of the 
second partial rotation which in the homogeneous state is higher 
than in heptane, as evidenced by the fact that not only one but 
the first two members are levorotatory. However, as already 
stated, this additional accentuation of the second partial rotation 
is due to the effect of the medium. These observations are in 
harmony with the rule previously reported that in members of 
homologous series the signs of the partial rotations remain constant.' 

In connection with the nitrophenyl esters of the disubstituted 
acetic acids it was observed that on prolonged heating of the acid 
chloride with the sodium nitrophenolate, a racemization took 
place, particularly in the lower members. Hence, caution 
has to be exercised in the preparation of these esters. The small 
shift to the left observed in the case of 2-methylvaleric acid is 
undoubtedly due to this cause. On one occasion, the esterification 
of 2-methylbutyric acid resulted in a totally inactive ester. 


EXPERIMENTAL 


The optically active acids used in these experiments were pre- 
viously prepared for other studies by Levene and Marker.’ 

p-Nitrophenyl Ester of 2-Methylbutyric Acid-1—10 gm. of the 
acid, [M]®> = +4.26° (homogeneous), were treated with a con- 
siderable excess (3 moles) of freshly distilled thionyl chloride. 


* Levene, P. A., and Marker, R. E., J. Biol. Chem., 98, 1 (1930). 
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After allowing the mixture to reflux for about 1 hour, the excess 
thionyl chloride was removed under diminished pressure without 
heat and the acid chloride then distilled at 20 mm. pressure. 

The chloride was taken up in about 100 cc. of dry benzene. To 
this were added about 14 equivalents of sodium p-nitrophenoxide, 
The latter had been purified by two recrystallizations from hot 
water and one from 95 per cent alcohol. It was dried at 120° 
under reduced pressure and was thus obtained as bright red crys- 
tals. The substance on exposure to air readily absorbs moisture, 
changing in color to yellow; hence, freshly dried material was used 
for each experiment. It had the correct composition (N 3.68 
per cent and Na 14.0 per cent) and the p-nitrophenol obtained from 
it had the melting point of 112°. 

The reaction of the acid chloride with sodium p-nitrophenoxide 
is exothermic but not sufficiently vigorous to require cooling. 
The reaction is completed by refluxing the mixture on the steam 
bath for 3 hours. The reaction mixture is then cooled, diluted 
with ether, and filtered. After removal of the solvent under 
reduced pressure, the residue is taken up in ether, washed with a 
cold dilute solution of sodium carbonate until neutral, and then 
with water until the aqueous layer is colorless. The ether solution 
is dried with anhydrous sodium sulfate and, after removal of the 
solvent, the nitrophenyl ester is distilled. The p-nitrophenyl 
ester of 2-methylbutyric acid-1 distils at 137° at 0.1 mm. This 
ester, as well as the corresponding esters of the other acids, is 
faintly yellow in color, the color persisting on repeated distillations.. 

The rotation of this ester, as well as of the following esters, is 
given in Table II. 

The ester had the following composition. 


3.350 mg. substance: 7.300 mg. CO, and 1.804 mg. H.O 


4.785 “ - : 0.280 ec. N, 35°, 755 mm. 
C,,H,;0,N. Calculated. Cc 59.17, H 5.87, N 6.28 
Found. ** 59.40, “* 6.00, “ 6.48 


In an experiment in which the condensation of the acid chloride 
((M]® of the acid = +2.1°) with the sodium p-nitrophenoxide 
was allowed to proceed overnight, the resulting ester was found 
completely inactive. 

p-Nitrophenyl Ester of 2-Methylvaleric Acid-1—This and suc- 








oo —_— +. - 








out 


ide. 
hot 
20° 


ire, 


om 


ide 
ng. 


der 
ha 
en 
ion 











Levene, Rothen, and Meyer 561 


ceeding nitrophenyl esters were prepared in the identical manner 
described above. The active acid used had [M]®> = —2.52°. 
Here also the reaction mixture was allowed to stand overnight on 
the warm steam bath. 

The ester distilled at 130° at 0.01 mm., and had the following 
composition. 


5.184 mg. substance: 11.610 mg. CO, and 2.970 mg. H,O 


8.695 “ - : 0.460 cc. N, 32°, 757.9 mm. 
CiwHis0O.N. Calculated. C 60.73, H 6.38, N 5.90 
Found. ** 61.07, “‘ 6.41, “ 5.80 


p-Nitrophenyl Ester of 2-Methylcaproic Acid-1—The 2-methyl- 
caproic acid used had [M]®> = +8.0°. The reaction mixture of 
the chloride with sodium p-nitrophenoxide was allowed to stand 
for only 3 hours on the steam bath. 

The nitrophenyl ester distilled at 138° at 0.01 mm., and had the 
following composition. 


4.965 mg. substance: 11.350 mg. CO, and 3.010 mg. H:O 


7.900 “ ag : 0.411 ec. N, 29°, 766 mm. 
Ci3Hi70.N. Calculated. C 62.12, H 6.82, N 5.57 
Found. ** 62.35, ‘‘ 6.78, “ 5.90 


p-Nitrophenyl Ester of 3-Methylvaleric Acid-1—In this and the 
succeeding substituted propionic acids, the reaction mixture was 
allowed to stand overnight on the warm steam bath. The acid 
used had [M]® = —2.11°. The nitrophenyl ester had the fol- 
lowing composition. 


3.720 mg. substance: 8.310 mg. CO, and 2.160 mg. H,O 


4.975 “ ~ : 0.258 ec. N, 20.5°, 774 mm. 
Ci2H:;0.N. Calculated. C 60.73, H 6.38, N 5.94 
Found. ** 60.92, ‘ 6.49, “ 6.14 


p-Nurophenyl Ester of 3-Methylcaproic Acid-1—The ester was 
prepared from the acid with [M]” = —2.43°. Itdistilled at 138- 
140° at 0.02 mm., and had the following composition. 


4.720 mg. substance: 10.777 mg. CO, and 2.820 mg. H,O 
4.535 “ - : 0.237 ec. N, 34°, 755 mm. 
CisH:,0,.N. Calculated. C 62.12, H 6.82, N 5.57 
Found. ** 62.22, “‘ 6.68, “ 5.75 
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Fic. 1. Rotatory dispersion of p-nitrophenyl esters. The two vertical 
lines at 0.042 \? and 0.073 \? indicate the position of the absorption bands 
of the carboxyl and nitrophenyl groups. The curves exhibiting an origin 
< 0.042 are anomalous. 


p-Nitrophenyl Ester of 3-Methylheptylic Acid-1—The ester was 
prepared from the acid having [M]® = —3.81°. It distilled at 
152° at 0.01 mm., and had the following composition. 


3.385 mg. substance: 7.870 mg. CO, and 2.130 mg. H,O 


5.140 “ * : 0.250 ce. N, 29°, 756 mm. 
CyuHis0.N. Calculated. C 63.36, H 7.22, N 5.28 
Found. ** 63.40, “* 7.04, “* 5.40 


p-Nitrophenyl Ester of 3-Methylcaprylic Acid-1—The ester was 
prepared from the acid having [M]? = —7.92°. The ester distilled 
at 160° at 0.1 mm., and had the following composition. 
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5.184 mg. substance: 12.335 mg. CO, and 3.500 mg. H.O 


8.101 “ “ ; 0.381 ec. N, 32.5°, 756 mm. 
C,sH2,0,N. Calculated. C 64.48, H 7.58, N 5.01 
Found. “© 64.88, “* 7.55, “* 5.03 


The results of the measurements of the optica] rotations are 
summarized in Table IT. 

The absolute maximum molecular rotations of the compounds 
studied are accurate within a few per cent. On the other hand, 
the relative magnitudes of the rotations have been determined as 
accurately as possible. The errors in experimental value of [a]** 
are +0.002° for wave-lengths of 5892.6 A., 5780.1 A., 5460.7 A., 
and +0.005° for 4358.3 A. The rotations for 4358.3 A. were photo- 
graphically determined. The results are summarized in Table IT. 

In order to illustrate the great differences in the dispersion 
ratios of the individual substances, the 1/a values were plotted 
against \*, arbitrarily bringing at wave-length 5892.6 A. the rota- 
tions of all substances to an identical value. The results are 
presented in Fig. 1. 

Rotatory measurements were made with a large Schmidt and 
Haensch polariscope (Lippich type) reading to 0.001°. 

The measurements were carried out with monochromatic light. 














STUDIES ON BIOLOGICAL OXIDATIONS 


Ill. THE OXIDATION-REDUCTION POTENTIAL OF THE SYSTEM 
LACTATE-ENZYME-PYRUVATE 


By E. 8. GUZMAN BARRON anp A. BAIRD HASTINGS 


(From the Lasker Foundation for Medical Research and the Department of 
Medicine of the University of Chicago, Chicago) 


(Received for publication, February 7, 1934) 


During the last 10 years, as a consequence of the fundamental 
studies of Clark and his coworkers (1), there has been a growing 
interest in the study of oxidation-reduction systems of biological 
importance. The existence in the cell of definite zones of oxida- 
tion-reduction potential was demonstrated by Needham and Need- 
ham (2), Cannan, Cohen, and Clark (1), Rapkine and Wurmser 
(3), and Cohen, Chambers, and Reznikoff (4). These potentials, 
however, reveal only a particular position in the oxidation-reduc- 
tion continuum, and it is essential, in order to interpret their 
significance, to study the different reversible oxidation-reduction 
systems present in the cell. The metabolism of foodstuffs may 
be regarded as a series of reactions in which there are to be found 
some reversible steps. The existence of such a reversible system 
has been proved in the case of the succinate-enzyme-fumarate 
system by Wishart (5), Quastel and Whetham (6), Thunberg (7), 
Lehmann (8), and Borsook and Schott (9). 

We present in this paper evidence of the existence of another 
reversible oxidation-reduction system, which exists as a step in 
the series of reactions concerned with the oxidation of carbohy- 
drates by the cell. This system is the lactate-enzyme-pyruvate 
system. 

When an indifferent electrode, gold or bright platinum, is im- 
mersed in an oxygen-free buffered solution containing a mixture 
of lactate and its oxidation product, pyruvate, no potential indica- 
tive of electron transfer is obtained at the electrode. The addition 
of a-hydroxyoxidase derived from gonococci gives to this system, 
567 
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lactate-pyruvate, a slight tendency to transfer electrons to the 
electrode; 7.e., an erratic potential is obtained which drifts slowly 
toward negative values without attainment of equilibrium. But 
when a reversible dye, previously shown to be only partially 
reduced by this system, is added, there is obtained at the end of 1 
to 2 hours a stable, reproducible potential. Although the poten- 
tial is due directly to an electron transfer from the dye system, 
the dye acts simply as a mediator, since its reduction has been 
brought about by the system lactate-enzyme-pyruvate. The 
values thus obtained may therefore be taken as representing the 
potential of this system. 

Other investigators who have been simultaneously concerned 
with the same system, but who used different enzymes, are Wurm- 
ser and his coworkers, Banga, Laki, and Szent-Gyérgyi, and 
Baumberger, Jiirgensen, and Bardwell. Their communications 
will be discussed later. 


EXPERIMENTAL 


The experiments were usually performed in titration vessels of 
60 cc. capacity. A rubber stopper, holding two electrodes of gold, 
an inlet for the passage of purified nitrogen, an outlet for the gas, 
a bridge of agar-saturated KCl, and a spoon containing the lactate- 
pyruvate mixture, tightly closed the vessel. The customary pre- 
cautions were taken to avoid diffusion of oxygen into the vessel. 
The enzyme was prepared by subjecting to cytolysis gonococei 
obtained from cultures made in the egg digest medium described 
by Miller and Castles (10). The bacteria were washed twice with 
0.9 per cent NaCl and suspended in water. Some 0.05 n NaOH 
was then added until the pH was approximately 8. By this pro- 
cedure cytolysis of the bacteria was produced and a suspension 
containing a-hydroxyoxidase was thus obtained. As a rule, 3 ce. 
of the bacterial suspension were used in each vessel. As found by 
Borsook and Schott in the case of the system succinate-enzyme- 
fumarate, the reduction of the dye added as an electromotively 
active mediator ceased before the attainment of equilibrium when 
the amount of enzyme employed was too small. Sérensen’s phos- 
phate mixtures were used as buffers, 20 cc. in each vessel. As 
electromotively active mediator, pyocyanine plus cresyl violet was 
used, the concentration of the dyes being 0.03 mm per liter. The 
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lactate and pyruvate mixtures were prepared freshly for every 
experiment from twice recrystallized lithium lactate and pyruvate. 
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Fig. 1. The influence of dyes on the establishment of the oxidation- 
reduction potential of the lactate-pyruvate system. pH = 6.70; T = 35°; 
ratio of (lactate ~) to (pyruvate~) = 5:5. Curve 1 indicates potential with 
pyocyanine + cresyl violet; Curve 2, potential with cresyl violet alone; and 
Curve 3, potential in the absence of dyes. 


From 200 mm solutions there were prepared for every set of experi- 
ments three mixtures of lactate and pyruvate containing the fol- 
lowing ratios: 1:9, 5:5, 9:1. The total concentration of lactate 
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and pyruvate was 5 mm per liter. The experiments were per- 
formed at 35° + 0.1° in an air bath. A stream of purified nitrogen 
flowed continuously through the vessels. The spoons containing 
the lactate-pyruvate mixture were introduced into the buffered 
enzyme about 1 hour after the nitrogen started flowing. In some 
cases Thunberg’s vacuum electrodes, as modified by Borsook and 
Schott, were used, the values obtained being identical with those 
obtained by the method described above. The hydrogen ion con- 
centration of the mixtures was determined with the hydrogen 
electrode. The reference electrode employed for the determina- 
tion of pH and of the oxidation-reduction potentials was a 
saturated calomel half-cell, which was frequently checked by 
comparison with the hydrogen electrode in a Michaelis standard 
acetate buffer, the pH of which was taken as 4.62. The measure- 
ments were made with a Leeds and Northrup type K potenti- 
ometer. The null point instrument was a Leeds and Northrup 
type R galvanometer. 

Equilibrium values were reached in from 1 to 2 hours after the 
spoons containing the lactate-pyruvate mixture were introduced 
into the buffer-enzyme-dye solution and the obtained potentials 
remained stable, as can be seen in Fig. 1. The addition of pyo- 
cyanine to cresyl violet accelerated the attainment of equilibrium. 
Why it is necessary to use a dye of more positive potential, in 
addition to the mediator whose oxidation-reduction potential is 
representative of the potential of the system, in order to speed 
the attainment of equilibrium, we do not know. 

Reversibility of the System Lactate-Enzyme-Pyruvate—If the sys- 
tem lactate-enzyme-pyruvate is a reversible oxidation-reduction 
system in which the reaction proceeds 


enzyme 
(Lactate~) —-—. (pyruvate~) + 2H* + 2e 


the potentials obtained at the electrodes when the hydrogen ion 
concentration is kept constant must change with the change in the 
ratio of lactate to pyruvate according to the well known equation 


RT (lactate~) (1) 
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To prove the reversibility of the system we chose a hydrogen 
ion concentration in which the potentials of the electromotively 
active mediator (cresyl violet) and of the lactate-enzyme-pyruvate 
agreed approximately, as it is under such conditions that the dye 
acts as an ideal mediator. At the pH chosen for the experiments 
summarized in Table I (pH 6.60), the 2’, of cresyl violet is —0.150 
volt (Wurmser (11)), which agrees closely with the Z’y of lactate- 
enzyme-pyruvate, which is —0.154 volt. The following ratios 
of lactate to pyruvate were used in these experiments: 9:1, 7:3, 
5:5, 3:7, and 1:9. The agreement between the calculated and 
the observed values is evidence in favor of the reversibility of 
the system. 


TasieE I 
Potential of the System Lactate-Enzyme-Pyruvate at Different Lactate to 
Pyruvate Ratios 
Electromotively active mediator: pyocyanine plus cresyl violet; pH, 6.60; 
temperature, 35°. Calculated 2, from the equation EZ, = E’» — 0.0305 log 
(lactate ~)/(pyruvate ~). The values are rounded to the nearest millivolt. 

















Ratio 
_(lactate™) E, obtained E), calculated Difference 
(pyruvate™) 
volt volt volt 
9:1 —0.182 —0.183 —0.001 
7:3 —0.165 —0.165 —0.000 
5:5 —0.154 
3:7 —0.143 —0.143 —0.000 
1:9 —0.123 —0.125 —0.002 





Relation between pH and Potential of the System Lactate-Enzyme- 
enzyme 
Pyruvate—Having found that the system (lactate-) =<—— 


(pyruvate-) + 2H+ + 2e is a reversible oxidation-reduction sys- 
tem at constant pH, we then studied the effect of varying pH 
on this system. We have adopted the derivation of Borsook and 
Schott in formulating the equation relating the potentials of this 
system to the hydrogen ion concentration (9). Designating by 
the term £ the electrode potential against the normal hydrogen 
electrode for the reaction (lactate~) — (pyruvate~) + 2H+ + 2e, 
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we have 
RT (lactate-) RT 1 


EB, = B- 9p 9 Gyravates) ~ F TD (2) 
Formulated as a function of the total lactic and pyruvic acids 
present (7.e. dissociated and undissociated acids) and as a function 
of the dissociation constant of these acids, this equation takes 
the form 

RT otal lactic RT 1 aT. &; K + 

Ro 8-1 eal pee - Fr aay t Spin RX Ra 
where £, is the observed potential; R is the gas constant; 7’, the 
absolute temperature; F, the faraday; K ,, the dissociation con- 
stant of lactic acid, which is 1.55 K 10~* (Borsook, Huffman, 
and Liu (12)); and Kp, the dissociation constant of pyruvic acid, 
3.2 X 10-* (13). The signs of the potentials used throughout 
are those adopted in the “International critical tables”’ for similar 
systems. 

In Table II are given the EF’, potentials of the system at different 
pH values from 5.83 to 7.79. In the fourth and last columns of 
Table II are given the EZ’, values as calculated from Equation 3. 
The potential, £, for the system (lactate-) = (pyruvate) + 
2H+ + 2e was found to be +0.248 volt +0.002. It may be 
pointed out that in the system considered in this paper £ is related 
to Ey (Clark) according to the equation, Hy = E+ (RT/2F)n 
(Kp/K,) = +0.248 + 0.0401 = +0.2881. 

As the value of —(AE,/ApH) for cresyl violet is 0.03 volt 
from pH 6.6 to pH 9.0, while —(AE,/ApH) for the system lactate- 
enzyme-pyruvate is 0.061 volt, it is obvious that as the pH in- 
creases, the E’y values of the dye mediator will diverge more and 
more from those of the lactate-enzyme-pyruvate system, and as 4 
consequence the dye will become less and less efficient as an elec- 
tromotively active mediator. Such was the case in our experi- 
ments. Beyond pH 7.0 the dye was completely reduced in those 
experiments in which the ratio of lactate to pyruvate was 9:1, 
and the potentials at such ratios failed, in many cases, to reach 
equilibrium. 

Energy Changes—The free energy change, AF, for the reaction, 
(lactate—) (1 m) — (pyruvate-) (1 m) + 2H+ + 2e, can be caleu- 
lated from the equation, AF = NFE. AF, the free energy change, 
is expressed below in calories; N is the number of equivalents of 
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chemical change involved in the reaction, i.e., 2; F is the faraday; 
and E is the electromotive force of the cell in volts. 1 volt fara- 
day = 23,068 calories (15°). Therefore, AF = 2 X 23,068 X 
0.248 = 11,440 calories. 

The value of AH, the change in heat content of the reaction 





























TaBLeE II 
Enzyme 
Relation of E' of the System (Lactate~) __. (Pyruvate-) to pH, 
at 35° + 0.1° 
Kp = 1.55 X 10-*; Ky, = 3.2 X 10-°. 
testese”) ~* (eteets-) Hs 
(lactate™ ’ calculated ac ” calculated 
pH |— . EB’, found f pH | ———| E' found 
= Bouse 3 po Bouton 3 
7) volt volt volt volt 
5.83 1:9 —0.108 | —0.1077 | 6.70 1:9 —0.163 | —0.1607 
5:5 —0.107 5:5 —0.163 
9:1 —0.109 9:1 —0.160 
5.92 1:9* | —0.118 | —0.1132 | 7.01 1:9 —0.182 | —0.1796 
5:5* | —0.115 5:5 —0.180 
9:1* | —0.115 7.10 1:9 —0.188 | —0.1851 
5:5 —0.115 5:5 —0.187 
6.24 1:9 —0.130 | —0.1326 | 7.29 1:9 —0.197 | —0.1967 
5:5 —0.129 5:5 —0.195 
9:1 —0.128 7.39 1:9 —0.203 | —0.2028 
6.40 1:9 —0.130 | —0.1424 5:5 —0.201 
5:5 —0.140 7.79 1:9 —0.226 | —0.2272 
9:1 —0.144 5:5 —0.224 
6.60 1:9 —0.153 | —0.1546 
5:5 —0.154 
9:1 —0.152 
Mean E (Borsook)............ ee eee” OF +0.248 
ed ik oee +0. 288 











* Determined with Borsook’s vacuum electrode. 


(lactate) = (pyruvate~), has been calculated by the use of the 
Gibbs-Helmholtz equation, AH = —NFT (dE/dT) + NFE. 

To determine the temperature coefficient d£/dT of the system 
lactate-enzyme-pyruvate, we used equimolecular mixtures of 
lithium lactate and pyruvate (0.01 m) and pyocyanine plus 
cresyl violet as the electroactive mediator. The potentials were 
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measured at 35° and 15°. The potentials at 15° did not reach 
equilibrium until 6 to 9 hours after the lactate-pyruvate mixtures 
were introduced into the oxygen-free enzyme-buffered solution. 
At 35°, pH 6.417, the 2’) was found to be —0.1433 volt; at 15°, 
pH 6.511, the EZ’) was —0.1089 volt (average of three experiments). 
From these figures (Table III) the £ values have been calculated: 
+0.2488 volt at 35° and +0.2631 volt at 15°. Consequently, 
dE/dT = —0.000715. Therefore, AH3os = —(2 X 23,068 x 
308 X (—0.000715)) + (2 X 23,068 x 0.2488) = 21,639 calories 

The value of AH for the reaction lactic acid — pyruvic acid, 
calculated from available thermal data, is 21,000 calories, 
There are no thermal data available to calculate the heats of 




















TaBLe III 
Enzyme 
Temperature Coefficient of Potentials of the System (Lactate-) ae 
(Pyruvate-) 
ys pH E's E dE /dT 
volt volt 
308 6.417 —0.1433 +0. 2488 
288 6.511 —0.1094 +0. 2626 —0. 00069 
288 6.511 —0.1083 +0. 2637 —0.000745 
288 6.511 —0.1090 +0.2630 —0.00071 
se be Re. Rae AIA cea i. ae RE —0.000715 








solution and ionization, and thus obtain AH for the reaction (lac- 
tate~) — (pyruvate). It was pointed out by Borsook and Schott 
that there is considerable difference between the change in heat 
content, AH, for the reaction succinate — fumarate and the maxi- 
mum amount of work, AF, obtained from this reversible system, 
the ratio AF:AH being 0.68. Making a similar calculation for 
the system lactate-enzyme-pyruvate gives the value AF:AH = 
0.53. The conversion of lactic acid to pyruvic acid is therefore 
one in which the theoretical maximum work derivable from the 
reaction is approximately half the total heat change. 

Wurmser and Meyer-Reich (14) have determined the equilib- 
rium of the system lactate-enzyme-pyruvate at pH 7.4, utilizing 
Stephenson’s enzyme prepared from Bacillus coli. Calculated 
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according to Equation 3, they found the potential E of the system 
to be +0.252 volt at 37°. This figure may be considered in good 
agreement with our data. Banga, Laki, and Szent-Gyérgyi (15) 
report that they have determined the potential of the system 
lactate-enzyme-pyruvate utilizing enzymes from heart muscle, and 
they give —0.181 volt as the EZ’, of the system at pH 7.0, which 
would give +0.246 volt as the potential for B, a value also in 
agreement with our data. Finally, Baumberger, Jiirgensen, and 
Bardwell (16) have reported experiments in which the potential 
of the system lactate-enzyme-pyruvate (utilizing Bernheim’s en- 
zyme from yeast and indigodisulfonate as the mediator) was esti- 
mated by “selecting as the equilibrium potential the point where 
the rate of potential change becomes constant.’’ Indigodisulfo- 
nate cannot be used as the electroactive mediator, for the dye is 
completely reduced by the system lactate-enzyme-pyruvate, as 
has been observed by Wurmser and de Bée (17) and by ourselves. 
It is essential, when the potential of an oxidation-reduction system 
is measured by means of an electromotively active mediator, that 
the mediator be only partially reduced. When it is reduced to 
such an extent that its poising ability is greatly decreased, no 
equilibrium values can be reached. Such has been the case in 
the experiments reported by the latter investigators. The dis- 
crepancy between the values given by Baumberger, Jiirgensen, 
and Bardwell for the normal potential of the system under con- 
sideration (+0.316 volt) and the concordant values obtained by 
Wurmser and Meyer-Reich, Banga, Laki, and Szent-Gyérgyi, and 
ourselves is probably due to the use of a dye as the electroactive 
mediator of too positive a potential, compared with the potential 
of lactate-pyruvate. 

Oxidation-Reduction Seaeets Present in Cell—There exist in 
the cell two kinds of reversible oxidation-reduction systems. 
The first group is made up of electromotively active oxidation- 
reduction systems, which will play the réle of oxidizing catalysts 
if reduced by the oxidizable metabolites of the cell and then reoxi- 
dized by atmospheric oxygen. Knowledge of electroactive cata- 
lysts belonging to this group is rapidly increasing. Here belong 
the nitrogenous hemin compounds, which, according to Warburg, 
are the main oxidizing catalysts of the cell; the yellow oxidation 
ferment isolated from yeast by Warburg and Christian (18); her- 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. 107, NO. 2 











576 Potential of Lactate-Enzyme-Pyruvate 


midine, a pigment extracted from Mercurialis perennis by Cannan 
(19); echinochrome, a pigment obtained from echinoderms by 
Cannan (20); the pigment from Chromodoris zebra studied by 
Preisler (21); pyocyanine, the pigment obtained from Bacillus 
pyocyaneus and studied simultaneously by Friedheim and Mi- 
chaelis (22) and Elema and Sanders (23); hallochrome, the pig- 
ment obtained from Halla parthenopea and studied by Friedheim 
(24); chlororaphine, the pigment obtained from Bacillus chloro- 
raphis by Elema (25); and the flavines, pigments widely distributed 
among the animal and vegetable kingdoms. Bierich, Lang, and 
Rosenbohm (26) have measured the oxidation-reduction poten- 
tials of pigments, probably flavines obtained from mammalian 
tissues; Stern (27) has reported potentials for hepatoflavine, uro- 
flavine, and maltoflavine; and the authors have measured the 
potential of lactoflavine (28). 

The second group is made up of a number of irreversible oxida- 
tion-reduction systems which become reversible when activated 
by the activating coenzymes (Wieland’s dehydrogenases). These 
reversible systems are quite different from the first group. They 
are sluggish reversible systems, which do not readily transfer elec- 
trons to the electrode and whose equilibrium potentials are deter- 
mined only by the aid of electromotively active mediators. These 
systems undoubtedly play an important réle in those studies in 
which the reducing intensity of cells has been determined by the 
aid of reversible dyes. To this group of sluggish reversible oxida- 
tion-reduction systems belong a number of biological oxidations 
interposed as reversible steps in the series of reactions that ends 
in the oxidation of foodstuffs to carbon dioxide and water. Until 
recently there has been known only the succinate-fumarate system. 
There may now also be added the system lactate-pyruvate, which 
is of greater biological importance because it stands as a reversible 
step in the series of reactions concerned with the oxidation of 
carbohydrates. The fact that the potentials, obtained by varying 
the ratios of lactate and pyruvate, conform to Peters’ equation, 
is, we believe, evidence of the reversibility of the system. Given 
an ideal electroactive mediator, i.e. one which would possess an 
E’, similar to that of the system lactate-pyruvate, the potentials 
of the system could be determined along the range of activity of 
the enzyme, which, as found by Barron and Miller (29), is from 
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pH 5 to 10. The E’ of the mediator employed by us deviates 
beyond pH 7 farther and farther away from the EF’, of lactate- 
pyruvate. As a consequence, beyond this pH when the ratio of 
lactate to pyruvate is increased, cresyl violet is completely reduced, 
and the potentials obtained under such conditions are not equi- 
librium potentials. 


SUMMARY 


The lactate-pyruvate system is converted by a-hydroxyoxidase 
to a reversible oxidation-reduction system. The potential of such 
a system can be measured by the addition of electromotively 
active mediators. Under such conditions and with the use of 
pyocyanine plus cresyl violet as mediator we have measured elec- 
trometrically the oxidation-reduction potential of the system lac- 
tate-enzyme-pyruvate at different pH values, from 5.83 to 7.79. 
The normal potential of the system (lactate~) — (pyruvate) + 
2H+ + 2e, at 35°, was found to be +0.248 volt + 0.002. The 
free energy change, AF, has been calculated to be 11,440 calories. 
The heat of reaction, AH, calculated from the temperature coeffi- 
cient of the potential, is 21,639 calories. The theoretical maxi- 
mum work derivable from the reaction as calculated from the 
ratio AF: AH is 0.53, approximately half the total heat change of 
the reaction. 

The existence in the cell of two kinds of reversible systems and 
their biological significance have been pointed out and discussed. 
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The catalytic effect of methylene blue, and of other revers- 
ible oxidation-reduction dyes, on the respiration of living cells 
(Harrop and Barron (1)) was interpreted by Barron (2) as being 
due to the oxidation of easily oxidizable carbohydrates with con- 
comitant reduction of the dye and its reoxidation by atmospheric 
oxygen. Warburg, Kubowitz, and Christian (3), however, postu- 
lated that the dye (methylene blue) acts only as a catalyst for the 
oxidation of hemoglobin or hemin, and that the increased oxygen 
consumption found in the presence of methylene blue is due to 
oxidation by either the methemoglobin or oxidized hemin formed 
by methylene blue. If the dye acts only as a catalyst for the oxi- 
dation of hemin or hemoglobin, the inactivation of hemin by the 
addition of cyanide, H,S, or CO ought to suppress such catalysis, 
and in the case of red cells, non-methemoglobin-forming dyes 
ought to be ineffective. Barron (2) showed that the dye catalysis 
is insensitive to HCN in small concentrations; later, Barron and 
Hamburger (4) increased the concentration of HCN up to 0.1m and 
found that even such high concentrations did not suppress the dye 
catalysis. Working with an oxidizing enzyme, a-hydroxyoxidase, 
in which the oxidizing catalyst is inhibited by HCN, H.S, and CO, 
Barron and Hastings (5) have shown that when the oxidation of 
lactate is inhibited by the addition of H.S, the oxidation is restored 
upon the addition of a reversible dye (pyocyanine). Although 
Warburg and Christian (6) stated recently that methylene blue 
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can play the réle of oxidizing catalyst, the hypothesis of Warburg, 
Kubowitz, and Christian is still considered valid (Stern (7), Op- 
penheimer (8), Reid (9)). In this paper we present evidence that 
reversible dyes act as direct catalysts of cellular oxidations, and 
that this catalysis is independent of the action of hemin or methe- 
moglobin. We performed for this purpose experiments with 
mammalian tissues, in which the respiration was inhibited by CO, 
and with mammalian red blood cells. The addition of dyes to 
tissues kept in CO-O, mixtures and the addition of non-methemo- 
globin-forming dyes to red cells increased their respiration. 

Effect of CO on Tissue Respiration—The interesting observation 
of Fenn and Cobb (10), who reported that frog tissues showed an 
increased respiration when kept in CO-O, mixtures containing 21 
per cent O2, owing to the oxidation of CO by the tissues, compelled 
us to reinvestigate the subject of CO inhibition before studying 
the effect of dyes on tissues in the presence of CO. From Fenn 
and Cobb’s report we concluded that the affinity of the oxidizing 
catalysts for CO must be quite low. Accordingly, we measured 
the respiration of tissues in mixtures of CO and O, (95:5), and 
compared it with the respiration in mixtures of nitrogen and oxy- 
gen (95:5). 

Rat tissues were used for the most part in these experiments. 
The rats were killed with a blow on the head, and the tissues were 
cut in thin slices according to Warburg’s technique. They were 
suspended in Ringer-Tyrode solution buffered with phosphates 
to pH 7.38. The oxygen consumption was measured at 37.5° 
in Warburg vessels attached to Barcroft micromanometers. Car- 
bon monoxide was prepared by the action of sulfuric acid on 
formic acid at 100°. The gas passed through two wash bottles 
containing concentrated KOH before being received in the con- 
tainer where it was mixed with oxygen. The experiments were 
performed in a dark room. The following tissues were studied: 
kidney, testicle, liver, spleen, heart muscle, and brain obtained 
from rats; and choroid plexus obtained from degs. The figures 
given in Table I represent the average of six experiments, except 
those for choroid plexus, on which only two experiments were done. 

The respiration in N2-O; of all tissues studied, compared with 
the respiration in air, showed an inhibition of about 30 per cent, 
evidently due to insufficient diffusion of oxygen because of such 
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low tension. The tissue respiration in CO-O,., compared with the 
respiration in N2-O, of the same oxygen concentration, showed an 
inhibition in all tissues except liver and heart muscle. Since the 
completion of the present work a paper has been published by 
Schmitt and Scott (11) on the effect of CO on the respiration of 
frog tissues. When the oxygen concentration was lowered to 7 or 
5 per cent, they found an inhibition of respiration, except in liver, 
skeletal muscle, and heart muscle. 

Effect of Reversible Dyes on Tissue Respiration in CO-O, Miz- 
tures—Barron (12) has shown that when methylene blue is added 


TaBLe I 
Effect of CO on Respiration of Mammalian Tissue* 
Temperature 37.5°; pH 7.38. 





O: consumption in c.mm. Per cent inhi- 














Seal per mg. dried tissue per hr. bition in tween inbibt- 
In In | COO, | Nz-O, | MOD iR OOO: 
Inair | NrOs | CO-Or| (95:5) | (95:5) | *™4 NOs 
ES ee ee 12.47 | 8.75 | 3.42 | 72.6 | 29.8 42.8 
istsvcinekond 12.10 | 8.53 | 4.44] 63.3 | 29.5 33.8 
REE eee ee 7.10} 5.16) 2.84] 60.0 | 27.0 33.0 
Brain (gray matter)...| 11.74 | 8.57 | 6.02 | 48.7 | 27.0 21.7 
Choroid plexus........ 19.95 | 17.25 | 10.01 | 49.6 | 13.0 36.6 
TS Ree Se eae 7.23 | 5.00} 5.21} 28.0 | 30.8 None 
Heart muscle. ........ 4.60 | 2.83] 2.81 | 38.9 | 38.5 “ 

















* The figures given for each tissue represent the average of six experi- 
ments, except those for choroid plexus, which represent two experiments. 
The choroid plexus was obtained from dogs; all other tissue was obtained 
from rats. 


to tissues having no aerobic glycolysis (liver, kidney, testicle, 
pancreas) the dye has no action on the rate of oxygen consump- 
tion, whereas it increases the respiration of tissues having aerobic 
glycolysis (tumors, leucocytes). According to Warburg (13) the 
aerobic glycolysis of tissues is increased when their respiration is 
inhibited by CO. It could be predicted, therefore, that the addi- 
tion of reversible dyes to tissues in the presence of CO-O, will in- 
crease their respiration, should their catalytic action be due to 
direct oxidation of the lactic acid produced by the tissues. Chang 
and Gerard (14) have reported that the addition of cresyl blue to 
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nerve tissue kept in CO-O, (98:2) produces “a small but quite 
regular increase in respiration.” 

In our own experiments the oxygen consumption of the tissues 
kept in CO-O, was measured for 1 hour; then the dye was added 
from the side arm and the respiration measured for another hour. 
Cresyl blue, methylene blue, and pyocyanine (0.00015 m) were 
used. Fig. 1 gives the result of one experiment as an example. 
The addition of methylene blue to kidney tissue had no effect on 
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Fig. 1. The effect of methylene blue on the respiration of kidney (rat) in 
air and in CO-O, (95:5). Curve 1 indicates the respiration of kidney in air; 
Curve 2 indicates the respiration of kidney in CO-O.. The dotted line 
indicates respiration after addition of methylene blue. 


the respiration in air, while in CO-O, it increased 71 per cent. The 
respiration of choroid plexus in air was increased by the addition of 
methylene blue (according to Krebs and Rosenhagen (15) the 
choroid plexus exhibits aerobic glycolysis). When the respiration 
was inhibited by either cyanide or CO, the same increase was 
observed (Fig. 2). After the addition of the dye, there was in 
every case an increase in the oxygen consumption, although the 
percentage of increase varied considerably (Table II). 
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Formation of Methemoglobin by Reversible Dyes—As Conant (16) 
has pointed out, the extent to which hemoglobin is oxidized by 1 
equivalent of a reversible oxidizing agent is a function of the nor- 
mal potential of the reagent and the potential of hemoglobin. For 
reversible dyes with a two electron transfer, at constant pH,,. 


ee RE, _{Oxa [HbF 
B'ug — B’on» = 97 | TRedal (MHbE 


where Eo, is the normal potential of the dye, Eo, the potential 
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Fia. 2. The effect of methylene blue on the respiration of choroid plexus 
in air, in CO-O, (94:6), andin KCN (0.005 m). Curve 1 indicates the respir- 
ation in air; Curve 2, respiration in CO-O,; Curve 3, respiration in cyanide. 
The dotted line indicates respiration-after addition of methylene blue. 


of hemoglobin, [Ox,] and [Red,] the concentrations of the oxidized 
and of the reduced dye, and [Hb] and [MHb] the concentrations 
of hemoglobin and methemoglobin. Although the amount of 
methemoglobin formed in the presence of oxygen cannot be pre- 
dicted by the use of this equation (the reduced dye being constantly 
reoxidized by oxygen, thus increasing the amount of methemoglo- 
bin formation), the possible formation of methemoglobin can be 
predicted. We have confirmed these predictions by experiment. 
Defibrinated dog blood was centrifuged and the serum pipetted 
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off. To this suspension equal volumes of distilled water and 
0.2 m phosphate buffer, pH 7.48, were added (10 cc. of buffer for 70 
ec. of hemolyzed blood). To one sample, an aqueous solution of 


TaBLe II 


Effect of Reversible Dyes on Respiration of Tissues in Presence of COO, 
Miztures 





O: consumption 
in ¢.mm. 
per hr. Per 

CO-O2 Tissue (rat) |__| cent in- 

. oo eens 
ye e 

addi- eddi- 


tion tion 


Per cent increase 


In air Dye 





95.9:4.1 | Kidney | 15.6 | 26.7 
17.0 | 29 
16.0 | 22 
25.6 | 27. 
94.8:5.2 | Spleen 15.2 | 44 
6.9 | 11. 
6.9 | 13.2 
12.1 | 14.8 
95.7:4.3 12.4 | 14.7 
10.6 | 12.7 
95.2:4.8 | Testicle | 25.6 | 34.9 
16.3 | 23.2 
24.3 | 31.7 
14.7 | 16.7 
27.0 | 35.5 


No increase* | Methylene blue 


“ 


wus 


Pyocyanine 
“ 


+8.2* Methylene blue 


— 
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=—NONN = = 
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PORMARUWWIN WwW DANS 


Cresyl blue 


“ “ 


ome 


No increase* 
Methylene blue 
“ “ 


Cresy! blue 


Sess 


- oO 


95.1:4.9 | Brain +12.7* Methylene blue 


- © or cw 
“I cw 
Med 


oR SRS 


Cresyl blue 


“ “ 


Methylene blue 


14.3 | 20.8 
15.2 | 25.8 
26.2 | 32.4 
19.6 | 32.6 
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* From Barron’s data (12). 


the dye was added to a final concentration of 0.000157 m per liter. 
To the other, an equal volume of water was added. The samples 
were incubated for 1 hour under a liquid vaseline seal. After 
saturation with oxygen, the oxyhemoglobin was determined by 
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the usual Van Slyke manometric method. The difference in the 
oxyhemoglobin content between the control and the sample con- 
taining the dye indicated the amount of methemoglobin formed. 

Table III, Column 2, gives the calculated potentials of the dye 
systems each at 99.9 per cent oxidation and of the hemoglobin- 


TaB_eE III 
Formation of Methemoglobin by Renersible Dyes 


Hemolyzed dog red blood cells were incubated for 1 hour at 37° with the 
dyes at a concentration of 0.000157 m per liter. 


























Hb as mu 
= E, of Os: per liter ; 
4 Reversible system ayiem dn Per ant peeps 
_ 7.0 phone py 
dye ad 
(1) (2) (3) (4) (5) 
volt 
1 | Hemoglobin —0.028 
2 | 1-Naphthol-2-sulfonate +0.213 36 (Conant) 
indophenol 
3 | Methylene blue +0. 101/11.55}10.03) 13 
4 | Nile blue chloride —0.032| 9.93) 9.92) No methemoglobin 
5 | Cresyl violet —0.077|11.75)11.80) “ * 
6 | Dimethyl phenosafranine | —0.170| 6.86) 6.91) “ a 
7 | Rosinduline GG —0.190| 8.71) 8.69) “ " 
8 | Neutral red iodide —0.234| 9.63) 9.65) “ - 
9 | Lactate-pyruvate —0.290 





E, indicates the potential of the system at pH 7.0 and 30°, when the 
system is 99.9 per cent reduced in the case of hemoglobin and lactate, and 
99.9 per cent oxidized in the case of the dyes. Potentials were calculated 
from data given by Conant and Pappenheimer (17) for Experiment 1; Clark 
and Cohen (18) for Experiment 2; Clark, Cohen, and Gibbs (18) for Experi- 
ment 3; Cohen and Preisler (19) for Experiment 4; Wurmser (20) for Experi- 
ment 5; Stiehler, Chen, and Clark (21) for Experiment 6; Michaelis (22) 
for Experiment 7; Clark and Perkins (23) for Experiment 8; and Barron 
and Hastings (24) for Experiment 9. 


methemoglobin system at 99.9 per cent reduction—all at pH 7.0.' 
Columns 3 and 4 give the concentrations of oxyhemoglobin ex- 
pressed in mM of oxygen per liter in the samples of blood with and 


‘The potentials were calculated at pH 7.0 because at this pH only was 
the potential of hemoglobin accurately measured by Conant and Pappen- 
heimer. 
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without dye. The per cent of methemoglobin formed by 1-naph- 
thol-2-sulfonate indophenol was taken from Conant’s data (16). 
Of all the dyes used, 1-naphthol-2-sulfonate indophenol, methyl- 
ene blue, Nile blue chloride, cresyl violet, dimethyl phenosafra- 
nine, rosinduline GG, and neutral red iodide, only the first two 
produced methemoglobin. The potential of the system lactate- 
pyruvate, containing 99.9 per cent lactate has been added to 
Table III to show that when the systems are at the indicated ratios, 
the oxidation of lactate by all the dyes used and by methemoglobin 
is a thermodynamic possibility. 

Catalytic Effect of Reversible Dyes on Respiration of Red Cells— 
In these experiments, dog or human defibrinated blood was centri- 
fuged, and the serum, which was pipetted off, replaced by 0.9 per 
cent NaCl; glucose to a final concentration of 0.2 per cent and 0.2 
M phosphate (10 ce. for 70 cc. of blood) were added. The pH of 
the blood as determined by the glass electrode was 7.46. The 
oxygen consumption was determined at 37° by the Warburg 
apparatus. Once the respiration of the red cells alone was deter- 
mined, the dyes were added from the side arm of the Warburg 
vessel and the oxygen consumption again measured. The dyes 
used were those employed for the study of methemoglobin forma- 
tion. The figures given in Table IV represent the increase in the 
oxygen consumption of the red cells produced by the addition of 
the dye, the amount of oxygen consumed by the cells before dye 
addition having been subtracted from that found after the addition 
of the dye. All the dyes used, with the exception of rosinduline 
GG, increased definitely the respiration of red cells. 

The case of neutral red deserves separate consideration. We 
used for these experiments a beautiful sample of neutral red iodide 
prepared by Phillips and Cohen, which was kindly sent to us by 
Professor W. M. Clark. As stated by Clark and Perkins (23), on 
reduction at pH 7.46 (the pH of the blood in our experiments) 
there is slight formation of the yellow fluorescent material which, 
in contrast with leuco-neutral red, is reoxidized by air with extreme 
slowness. The respiration of red cells was slightly increased by 
the addition of neutral red, but this increase lasted only for about 
1 hour, the rate of respiration afterwards becoming as low as before 
the addition of the dye or even lower. When commercial neutral 
red iodide was used, the increase in oxygen consumption was 
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h- TaBLe IV 
)). Catalytic Effect of Reversible Oxidation-Reduction Dyes on Respiration of 
1. Mammalian Red Blood Cells 
a- The figures represent the O, consumption of the cells in c.mm. after the 
addition of the dye minus the O, consumption of the cells before dye addi- 
7 tion. Temperature 37°; pH 7.46; time 30 minutes. 
e- 
|-Naphthol- Dimethyl :, Purified | Commer- 
ef Eaplgmes | ete | Nile ne] Sisee | peor | ine | ean | outa red 
* +20.1 | +43.5 | +39.5 | +22.7] +12.1 | -0.8 | +3.2 | 418.7 
+20.1 | +40.8 | +24.6 | +17.0] +16.0 +3.2 +2.4 +8.3 
= +17.1 | +45.2 | +28.1 | +18.6] 413.5 | +0.4 +3.8 +9.5 
rj- +21.2 | +39.0 | +27.4 | +31.4 |] +18.5 +2.3 +3.5 +9.9 
er +9.9 | +36.5 | +23.8 | +32.3 | +12.4 —0.6 +2.7 +17.6 
2 +8.6 | +32.7 | +24.4 | +30.2] 411.8 —1.6 +1.2 +8.9 
‘ +6.9 | +33.9 | +20.5 | +18.7 +8.3 +4.1 +2.4 +20.5 
of +5.2 | +42.4| 422.8] +263] 411.2 | +1.2 | +446 | 416.3 
he +5.7 | +36.5 | +29.6 | +22.2| +15.7 | +1.6 |] +2.1 | 410.4 
rg +7.2 | +42.7 | +21.8 |} +30.8| 414.5 —0.8 +2.2 +13.2 
=, +15.3 | +44.7| +24.5 | +30.6] 413.7 | +2.3 0 +9.) 
rg +18.1 | +40.9 | +26.5 | +29.8 | +14.2 +1.0 +4.7 +14.0 
“ TaBLe V 
” Effect of Nile Blue and Pure Neutral Red Iodide on Blood Glycolysis and 
f Lactic Acid Production 
. Incubation at 38° for 3 hours. Glucose was added to the blood sam- 
ye ples. The results are expressed in mm per liter of glucose and lactic acid 
yn respectively. 
ne . E 
Blood glucose Lactic acid 
Ve Before | After De- | Before | After | Oxi- 
incu- | incu- incu- | incu- | dized 
Je Bation | bation | “T®™** | bation | bation | by dye 
oy Dog blood 
on SPE ren Te eee ere re 12.5} 9.5] 3.0 | 3.8 8.7 
8) Added Nile blue............... 9.0) 3.5 5.4] 3.3 
h a 13.0} 9.5] 3.3 | 4.2 | 9.7 
. Added Nile blue............... 9.2| 3.5 6.6 | 3.1 
- Raa alphas aE. 11.0| 7.6] 3.4] 3.3] 9.0 
by Added neutral red............. oF? 62 8.3 | 0.7 
ut I 4858 So, is decade 12.7} 8.7} 4.0 | 4.8 | 11.6 
re Added neutral red............. 8.7 | 4.0 10.9 | 0.7 
-al Human blood 
" ill dele laa 13.5| 102/33] 48] 9.9 
AB eed 10.2 | 3.3 8.8] 1.1 
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greater, a result probably due to the presence of oxidizing impuri- 
ties. On electrometric titration with Na,S,O, this sample of neu- 
tral red iodide used up about 25 per cent of the reductant before 
the titration of neutral red started. (It is true that even in the 
titration of pure neutral red ‘considerable reducing agent is used up 
before the titration curve began to flatten” (Clark and Perkins).) 

The increase in the oxygen consumption of red cells produced by 
non-methemoglobin-forming dyes was accompanied—as in the 
case of methylene blue—by oxidation of the lactic acid produced 
during glycolysis. We chose for these experiments two dyes, 
Nile blue (the dye of the most positive potential among the non- 
methemoglobin-forming dyes) and pure neutral red iodide (the dye 
of most negative potential). The concentration of the dyes was 
the same as that used previously. The blood was incubated for 
3 hours at 38°. Glucose was determined by Shaffer’s method and 
lactic acid by Friedemann’s method. As can be seen in Table V, 
both dyes oxidized lactic acid, the amount being greater in the 
case of Nile blue, a fact which corresponds with the greater in- 
crease in oxygen consumption produced by this dye. Whether 
there are other oxidizable substrates in the cell besides lactate which 
can be oxidized by these dyes, we do not know. 


DISCUSSION AND SUMMARY 


In discussing the mechanism of the action of reversible dyes in 
cellular respiration, we shall consider first the effect on cells possess- 
ing no hemoglobin, and then the effect on cells containing hemo- 
globin. 

Reversible dyes have no influence on the oxygen consumption of 
certain mammalian tissues (kidney, liver, testicle) respiring nor- 
mally. When, however, the respiration of these tissues has been 
inhibited either by HCN (as in the experiments reported by Barron 
(12)) or by CO (as in those reported in this paper), the addition of 
the dyes causes an increase in the respiration. Since in the nor- 
mally respiring tissues there is no accumulation of lactic acid (the 
respiratory catalysts oxidizing it as soon as it is produced), but 
in the tissues with inhibited respiration there is such accumulation 
(the respiratory catalysts having been rendered inactive by HCN 
or CO), it is apparent that the reversible dyes act as catalysts for 
the oxidation of the lactic acid produced by the tissues. 
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Barron and Hoffman (25) stated that the catalytic power of a 
dye depends on (1) the speed at which the dye is reduced by the 
cell, and (2) the speed at which the leuco-dye is oxidized by at- 
mospheriec oxygen. The interesting finding of Warburg, Kubo- 
witz, and Christian, who reported that methemoglobin increases 
the respiration of red cells, the increase stopping as soon as the 
methemoglobin has been reduced, agrees very well with Barron 
and Hoffman’s rule. The system methemoglobin-hemoglobin, 
like the dyes here used, is a reversible oxidation-reduction system. 
The oxidation of lactic acid by methemoglobin observed by War- 
burg is not a catalytic reaction, for the reduced hemoglobin is 
oxidized to methemoglobin by atmospheric oxygen with extreme 
slowness. When reversible dyes are added to red cells, if the oxi- 
dation potential of the dye is sufficiently positive, there is oxida- 
tion of hemoglobin. In such cases (methylene blue, 1-naphthol- 
2-sulfonate indophenol), the increase in the respiration observed 
after addition of the dye is due to a combined effect: (1) oxidation 
of the substrate by the dye, a catalytic reaction; (2) oxidation of 
the substrate by methemoglobin, a stoichiometric reaction. When 
non-methemoglobin-forming dyes (Nile blue, cresyl blue, dimethyl 
safranine, neutral red iodide) are added to red cells, there is left 
only the catalytic oxidation produced by the dye. 


We wish to express our thanks to Professor W. M. Clark for 
having kindly supplied us with samples of toluylene blue, 1-naph- 
thol-2-sulfonate indophenol, dimethyl phenosafranine, and neu- 
tral red iodide; and to Professor L. Michaelis for the sample of 
rosinduline GG. 
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FURTHER STUDIES ON THE CONCENTRATION AND 
CHEMICAL NATURE OF VITAMIN G 


By LELA E. BOOHER 
(From the Department of Chemistry, Columbia University, New York) 


(Received for publication, August 30, 1934) 


In an earlier report (1) I described a method for the concen- 
tration of vitamin G from whey powder low in lactose, 5-, 6-, and 
50-fold respectively by means of three successively developed 
extraction procedures. 

A further concentration of the vitamin has been accomplished 
by adsorption of the 50-fold concentrate on Lloyd’s reagent (a 
specially prepared fullers’ earth), followed by extraction with dilute 
pyridine solution and elimination of material insoluble in water 
or dilute acetic acid. The resulting product in the dry solid state 
is an orange-red powder representing 200- to 300-fold concentra- 
tion of the vitamin of the whey powder. 

In proceeding from the 40- to 50-fold concentration of the vita- 
min to that of 200- to 300-fold, the products separated have been 
measured for vitamin G values by the method of Bourquin and 
Sherman (2) and by modifications of this method. Furthermore, 
I have been particularly favored in being able to obtain through 
the courtesy of Williams and his collaborators a supply of crys- 
talline vitamin B obtained from rice polishings, with which to 
test the supplementary effects of the vitamin G preparations with- 
out other sources of the vitamin B complex. 

A summary of the concentration procedure is shown in abridge- 
ment in the accompanying diagram; the details of the extraction 
procedures are given in the previous report, and those of the 
adsorption and subsequent procedures are as follows: 

2.5 or 3 gm. of the 40- to 50-fold concentrate are suspended in 
200 cc. of water and to this solution are added 200 cc. of 2 m 
hydrochloric acid and 10 gm. of Lloyd’s reagent. Repeated ex- 
perience has shown that adsorption of the vitamin is complete 
591 
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when the yellow pigmentation of the solution has been removed. 
The activated earth is removed by centrifugation and washed 
with water until the washings are no longer acid to litmus. The 
activated earth is then treated with a mixture of 60 cc. of pyridine, 
60 cc. of methyl alcohol, and 240 cc. of water for 2 hours with 
frequent agitation. The extraction medium was adopted from the 


Concentration of Vitamin G from Whey Powder 
Whey powder (low lactose), 20, 14, or 16 units per gm. 


(Extracted with 94 * cent ethyl alcohol) 











| | 
Residue Extracted solids (5-fold concentration) 
50 per cent 40-50 per cent recovery of vitamin 
recovery of { 
vitamin (Extracted with chloroform-alcohol mixture) 
, 4 
Residue Extracted solids (6-fold concentration) 
13 per cent 11 per cent recovery of vitamin 
recovery of 
vitamin (Extracted with ethyl ether) 
| ! | 
Ether- Extracted residue (40- to 50-fold 
extractable concentration) 
material 10-16 per cent recovery of vitamin 


(Adsorption of Lloyd’s reagent) 








| | 
Supernatant Activated Lloyd’s reagent 
liquid, in- 
active (Elution with r pyridine) 
i a | 
Lloyd’s Ether Eluted product (200- to 300-fold 
reagent precipitate concentration) 

15 per cent recovery of vitamin 
At least 3300 units per gm. 


work of Kuhn (3) and his collaborator. The mixture is centri- 
fuged, the extract removed, and the solvent evaporated under 
diminished pressure to a volume not greater than 100 cc. An 
equal volume of alcohol is added to the concentrated extract and 
followed by a further volume (100 cc.) of ether. A drop or two 
of glacial acetic acid is added to flocculate the colloidal Lloyd’s 
reagent. The small quantity of relatively inactive earth is re- 








— ff — 4 fe wt Ges Ol Ul 


nan -_> = 









ned 
The 
ne, 
ith 
the 


er 


id 
v0 
’s 








L. E. Booher 593 
moved by centrifugation and the solution reduced to a small 
volume under diminished pressure and dried over sulfuric acid in 
a partially evacuated desiccator. To the dried product is added 
just sufficient water or dilute acetic acid to leach out the yellow 
pigment; the solution is filtered with suction through a fritted 
glass filter; and the material retained on the filter is washed with 
very small portions of water. The filtrate, after being washed 
four or five times in a separatory funnel with 10 cc. portions of 
ether, is reduced to dryness over sulfuric acid and finally over 
phosphorus pentoxide. 

From 1 kilo of whey powder low in lactose yields of 200 to 300 
mg. of the final product are obtained. Elementary analyses! by 
micromethods were made of two vitamin G preparations obtained 
from two separate lots of whey powder in the manner just de- 
scribed, with the following results. 


Preparation 1. C 44.77, H 6.87, N 16.02 (micro-Dumas) 
- 2. ‘* 46.27, ‘* 7.46, “ 16.21 ” 


Qualitative tests for sulfur and phosphorus were negative. 

The most striking properties of the vitamin G preparation, 
exclusive of nutritional function, may be briefly summarized as 
follows: in the solid state the preparation is orange-red and very 
hydroscopic; the pigment is alkali-labile; in water solution, alcohol 
solution, and in a mixture of chloroform or ether and alcohol 
there is marked green fluorescence; the preparation is insoluble in 
acetone, ether, chloroform, and the higher molecular weight alco- 
hols; the yellow pigment is reversibly reduced by sodium hypo- 
sulfite and by zine and hydrochloric acid and oxidized by dilute 
permanganate. : 

Spectrographic examinations were made of four samples of the 
final vitamin G preparations; two of these were the same samples 
on which the elementary analyses were made. These examina- 
tions were made by means of a Hilger quartz spectrograph with 
an iron are as the light source, the absorption being determined 
for wave-lengths of 2000 A. to 5000 A. Samples of 7.5 mg. per 
100 cc. (water solution) were examined in 1.0 cm. quartz cells. 
In each case the absorption curve obtained showed a gentle 


1 1am indebted to Dr. Donald Price for the analysis of these preparations. 
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increase in absorption of wave-lengths from 5000 A. to 2700 A. 
and a much sharper increase between 2700 A. and 2200 A. without 
evidence of points of maxima or minima. The characteristics of 
the absorption curve were reproducible with the four different 
preparations examined. 

The gross appearance of the products, the general agreement of 
the elementary analyses, spectrographic properties, and vitamin G 
values indicated a highly reproducible product, which might also 
represent a relatively pure chemical substance. Ordinary melting 
point determinations, however, were not very satisfactory for the 
products softened in advance of changing completely to the liquid 
state, which it seemed might be due simply to the hydroscopic 
nature of the product. 

The concentration of vitamin G from whey powder is manifestly 
a concentration of the water-soluble, yellow, green-fluorescent pig- 
ment of whey. In each step of the procedure, the vitamin G value 
increases in proportion to the intensity of the yellow pigmenta- 
tion of the products. The chemical identity of this yellow pig- 
ment and vitamin G is further substantiated by the following 
parallelisms in properties, the vitamin G activity being followed 
by growth responses of vitamin G test rats: (1) the solubilities of 
vitamin G and the yellow pigment are the same in a wide range of 
solvents; (2) the vitamin and pigment are inappreciably adsorbed 
on Lloyd’s reagent from a water solution, but are increasingly 
adsorbed with increasing acidity, and are completely adsorbed 
from a solution of m hydrochloric acid; (3) the vitamin G activity 
and the appearance of the yellow pigment are practically unaltered 
as a result of autoclaving water solutions or 0.1 m hydrochloric 
acid solutions of the concentrates for 5 hours at 120°; however, 
autoclaving in a medium of 0.1 m sodium hydroxide for the same 
time and at the same temperature completely destroyed the vita- 
min activity and changed the yellow color to a decided brown; 
(4) irradiation of dilute aqueous solutions of the preparations with 
emanations from a quartz mercury vapor lamp (no precautions 
were taken to exclude the possibility of oxidation) destroyed the 
vitamin G activity and eventually caused the disappearance of 
the yellow color, but the vitamin activity preceded the complete 
discoloration. This close parallelism between the behavior of the 
pigment and the generally accepted properties of vitamin G would 
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seem to suggest strongly that the yellow pigment was identical 
with or at least an integral part of the vitamin. 

Vitamin G tests (Bourquin-Sherman (2)) were made of each 
fraction in the purification procedure; there was no measurable 
loss of vitamin activity throughout the adsorption and subsequent 
procedures; and all of the vitamin G activity from the 50-fold 
stage of concentration could be accounted for in the final stage of 
200- to 300-fold concentration. 

Measurements of the vitamin G values of six separate samples 
of the final preparation, made from three different lots of whey 
powder (12 to 17 Bourquin-Sherman units of vitamin G value 
per gm.) indicated within the limits of precision of the method a 
constant vitamin G value of approximately 3300 Bourquin-Sher- 
man units of vitamin G value per gm. Addenda of 0.6 mg. per 
rat per day induced consistent and continuous growth rates of 
5.0 to 6.0 + 1.0 gm. per week over a 4 week test period. This 
rate of growth is an average for forty rats employed during the 
course of this work. Negative control rats which received no 
vitamin G addenda showed an average weekly loss of 0.9 + 0.9 
gm. per week during the test period, and 90 per cent of these ani- 
mals developed typical signs (dermatitis, spectacled eyes) of 
vitamin G deficiency. 

Some of the negative control rats in more recent experiments 
were kept on the vitamin G-deficient ration for as long as 90 days 
and showed at least in gross appearances a high incidence of 
opacity of the globes of the eyes such as has been described and 
photographically represented by other workers (4, 5) as nutri- 
tional cataract. 

The vitamin G preparation which is described in this report 
differs from that described ‘as vitamin G(B.) by Kuhn and his 
collaborators (6) in several respects. According to Kuhn and 
coworkers the flavins isolated by them will not support growth 
when administered to vitamin G(B,) test rats in addition to the 
Bourquin-Sherman diet; the preparation herein described has been 
tested at different levels of intake with at least 75 vitamin G test 
rats, and in every case there was induced a continuous rate of 
growth throughout the experimental test period. The prepara- 
tions also differ significantly in elementary composition and the 
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absorption characteristics particularly in the region of the ultra- 
violet. 

The preparation herein described conforms without qualifica- 
tion to vitamin G in the sense of the Bourquin-Sherman method— 
the preparation possesses the physiological properties (growth- 
promoting and curative), the heat stability, adsorption behavior, 
and solubilities by which vitamin G has been differentiated. 

The growth method for the measurement of vitamin G values 
has been reported by several experimenters to be subject to much 
greater variations than has been their experience with other vita- 
mins. After having eliminated the disturbing influence of cop- 
rophagy and limiting the rate of growth for these measurements to 
a 3 to 6 gm. weekly gain, our experience with hundreds of deter- 
minations leads us to the conclusion that average growth rates of 
this order of magnitude with average deviations in excess of 1.0 gm. 
are probably not as carefully controlled as vitamin G measure- 
ments can be made, or that the vitamin G-deficient ration is 
inadequate in other nutritional essentials than vitamin G. In the 
paper following is presented experimental evidence which clearly 
demonstrates the interfering effects of at least one other less well 
recognized growth factor when higher rates of growth are sought 
with the highly concentrated preparations of vitamin G. It is 
also quite evident from a consideration of these studies that 
vitamin B(B,;) and the vitamin G concentrate (described in this 
report) together do not constitute the entire vitamin B complex 
even as related to the nutritional requirements of mammals. 


SUMMARY 


The concentration of vitamin G from whey powder low in lactose 
has been extended from the 40- to 50-fold concentration of the 
vitamin previously reported to a 200- to 300-fold concentration. 
The product carries between 3000 and 3500 units of vitamin G 
per gm. and conforms, without qualification, to a highly active 
concentrate of vitamin G in the sense of the Bourquin-Sherman 
method and with the generally recognized properties of vitamin G. 

Additional study confirms the opinion previously expressed by 
the author that vitamin G is itself the water-soluble yellow, green- 
fluorescent pigment of whey or that the pigment is an integral 
part of the vitamin. 
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The methods of preparation of the vitamin concentrate, its 
elementary composition, the characteristics of its absorption of 
light within the limits of 2000 A. and 5000 A. of wave-length, its 
general in vitro properties, its nutritional function and potency 
are presented. Consistent agreement of separately prepared prod- 
ucts with respect to each of these attributes indicates that the 
method of concentration yields a relatively homogeneous product. 
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INVESTIGATIONS OF THE GROWTH-PROMOTING 
PROPERTIES OF VITAMIN G CONCENTRATES 


By LELA E. BOOHER, H. M. BLODGETT, anv J. W. PAGE 
(From the Department of Chemistry, Columbia University, New York) 


(Received for publication, August 30, 1934) 


The quantitative method for the determination of vitamin G 
values as applied to highly active concentrates of this vitamin 
has led to studies involving a more thorough understanding of 
three important conceptions with regard to this vitamin, namely: 
(1) that there is an increased requirement for vitamin G with 
relatively small increases in the body weights of growing animals, 
(2) that vitamin B(B,) and vitamin G (in the sense in which this 
latter has been generally recognized) together do not constitute 
the entire group of mammalian growth factors of the vitamin B 
complex, and (3) that the success of the Bourquin-Sherman (1) 
method in the measurement of vitamin G values is dependent not 
only upon the presence of adequate vitamin B(B,) in the wheat 
extract, but as will be evident from this report, upon the presence 
of at least one other mammalian growth factor carried by the 
80 per cent alcoholic extract of ground wheat. 

The close relationship of vitamin G requirement and the body 
size of growing rats was called forcibly to our attention in the 
course of experiments designed to study the adequacy of the vita- 
min G concentrates in promoting growth responses much in excess 
of those rates recommended by the method of Bourquin and Sher- 
man for quantitative measurements. It is quite customary in 
the measurements of most vitamin values to administer the par- 
ticular vitamin under investigation in small invariant daily ad- 
denda to each animal, the animal meanwhile increasing in body 
size without the compensation of increases in the vitamin addenda. 
Under these experimental conditions it is quite logical to expect 
a gradually diminishing growth rate as the experimental period 
is extended, or even a cessation of growth, not without conse- 
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quences of introducing ambiguity in the interpretation as evidence 
accumulates for the existence of further less well defined vitamins, 
With our most potent vitamin G concentrate, we have not ob- 
served any significant decrease in the rate of growth with limited 
rates of the order of 6 gm. per week for a 4 week test period. 
With this experience in hand, we selected for this study a food 
product (whey powder) which together with the other components 
of the Bourquin-Sherman diet would seem fairly certain to include 
all the factors necessary for the growth of mammals. The whey 
powder was administered to groups of rats of varying sizes after 
the usual method recommended for quantitative measurements. 
The whey powder addenda were graded with each group of ani- 
mals of different size, but were never sufficiently large to enable 
any of the rats to grow in excess of 6 gm. per week. 

Young rats from the time of weaning were kept on the Bour- 
quin-Sherman vitamin G-deficient diet, or this diet plus addenda 
of vitamin G for suitable periods, such that at the end of a subse- 
quent depletion period on the vitamin G-deficient diet they could 
be grouped with respect to weight as follows: 40 to 55 gm. (average 
45.8 + 2.8), 55 to 70 gm. (average 63.3 + 1.7), and 70 to 85 gm. 
(average 84.3 + 2.4) respectively. The rats were litter mates, 
which by reason of varying the length of the predepletion period 
attained the weights mentioned; the ages at the beginning of the 
test period varied from 7 to 10 weeks. Four or five rats of each 
group were given daily addenda of 100 mg., 200 mg., and 300 mg. 
respectively of whey powder low in lactose as a source of vitamin G 
over a test period of 7 weeks. The average growth rates of the 
animals grouped according to body weight and according to vita- 
min G addenda are shown for the period at the end of 4 weeks and 
for the period from the 5th through the 7th week in Table I. 

Reference to Table I shows that a given allowance of vitamin G 
will induce lesser rates of growth as the body size of the test rats 
is increased, whether this increased size was initiated arbitrarily 
by the experimenter in selection of the rats at the beginning of a 
test period, or by the growth of the rats as the test period is pro- 
longed. For the measurement of vitamin G values in the course 
of the work of concentration of this vitamin, and for further experi- 
ments reported in this paper, we have regularly employed animals 
of 50 to 60 gm. weight at the beginning of the test period, and 
have limited the test period to 4 weeks. 
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A flattening growth curve has frequently been taken as evidence 
for the absence of an unrecognized growth factor; and while this 
may be true in some cases, it is equally plausible that a decreasing 
growth rate may be due merely to an increasing requirement for 
a known vitamin as the rat increases in size. The ambiguity in 
the interpretation of a flattened growth curve can perhaps best 
be overcome by recourse to relatively pure sources of the known 
vitamins, so that addenda of these may be increased without 
appreciably increasing the addenda of the supposed new factor. 
The experiments following are an example of the application of 
such a procedure. 

We are indebted to the generosity of Williams and his collabo- 


TABLE I 


Growth Rates of Rats of Varying Sizes on Vitamin G-Deficient Diet* plus 
Graded Addenda of Whey Powder As Source of Vitamin G 




















a Vitamin G Body weight at beginning of test period 
ov whey powder 40-55 gm. 55-70 gm. 70-85 gm. 
mg. 
At end of 4 100 3.1+0.5 1.7+1.0 0 +1.6 
wks. 200 4.1+0.5 3.3+0.3 3.3 + 0.2 
300 8.0+0.9 6.6 + 1.8 44+ 0.6 
5th to 7th 100 1.8+0.9 2.4+1.2 0.9+0.1 
wks., inclu- 200 2.824 1.4 3.0 + 0.7 23+0.4 
sive 300 49+1.2 3.1+ 1.0 1.524 1.5 











* Bourquin-Sherman diet. 


rators, who have recently reported (2) their success in obtaining 
larger yields of crystalline vitamin B(B,) from rice polishings than 
has heretofore been accomplished, for the opportunity of studying 
the supplementary effects of vitamin B(B,) and our highly active 
vitamin G concentrates without other sources of the vitamin B 
complex in the diet. 

Rats were depleted on a ration devoid of both vitamins B and 
G (Sherman-Spohn (3) diet) for 1 week and thereafter were given 
20 micrograms of vitamin B(B;) per rat per day until they became 
stationary in weight. During the subsequent test period of 4 
weeks, groups of three rats each were given 20 or 40 micrograms 
of vitamin B per rat per day and 0.6, 1.2, or 1.8 mg. respectively 
of the vitamin G per rat per day. In all cases the rats grew from 
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2 to 7 gm. during the Ist week or 10 days and thereafter ceased 
to grow, or lost weight as corresponding negative control rats did 
from the beginning of the test period. Even with doses of 7.0 mg. 
of the vitamin G preparation per rat per day growth was negligi- 
ble. The quantity of vitamin B (20 to 40 micrograms per day) 
furnished these rats was such that a growth rate of not less than 
25 to 30 gm. per week was induced in rats fed this same diet (Sher- 
man-Spohn) modified by the inclusion of 10 per cent of auto- 
claved yeast. 

It is apparent from the results of these feeding tests that vita- 
min B(B,) and the vitamin G preparation (described in the paper 
immediately preceding) together do not constitute the whole of 
the so called vitamin B complex. 

Our continued success in obtaining steady growth rates with 
this same vitamin G concentrate with rats receiving the Bourquin- 
Sherman vitamin G-deficient diet ad libitum indicates that the 
80 per cent alcoholic extract of ground whole wheat which fur- 
nishes vitamin B, in this diet also contributed some other essential 
growth factor. It was found that this dried alcoholic extract of 
wheat after being made into a paste with water or with 0.2 
sodium hydroxide could be autoclaved for 5 hours at 120° with 
consequent destruction of its vitamin B(B,) content but without 
more than 30 and 50 per cent respectively destruction of the 
unidentified factor. This new factor could not be extracted with 
ether from the dried alcohol extractives. Since rats can be made 
to grow most excellently with crystalline vitamin B(B,) and auto- 
claved yeast as the known sources of the vitamin B complex, one 
would infer that this unidentified factor was also present in auto- 
claved yeast. For both of these reasons it is concluded that 
relative to vitamin B,, the new factor (or factors) is heat-stable. 

In Table II is summarized a typical set of experiments with 
litter mate rats which have been depleted on the Bourquin-Sher- 
man diet, which carries the 80 per cent alcoholic extract of wheat 
equivalent to 50 per cent of wheat, and modifications of this diet, 
carrying this extract equivalent to 100 per cent and to 150 per cent 
of wheat, and subsequently furnished with graded addenda of the 
vitamin G concentrate. The rats on the diet carrying extract 
equivalent to 150 per cent of wheat grew about 12 to 15 gm. more 
than those on the other basal rations before reaching stationary 
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weight; but having reached stationary weights, the negative con- 
trol rats on the three basal rations were not significantly different. 
It is apparent from the data that where growth is limited to 


TaBie II 


Growth Rates of Rats on Vitamin G-Deficient Diets plus Graded Amounts of 
Vitamin G Concentrate 


Average weekly growth rates for 4 week test period. 





Daily addenda of vitamin G 


Vitamin G-deficient diets* 
































Bourquin-Sherman,| Modified diet, Modified diet, 
consentente wheat ext wheat extract wheat extract 
equivalent to equivalent to 100 | equivalent to 150 
per cent of wheat | per cent of wheat | per cent of wheat 
mg. gm. gm. gm. 
0.6 +5.8 +5.0 +3.2 
+4.5 +4.5 +5.6 
+6.0 +3.8 +3.6 
ee +5.4 + 0.6 +4.4+ 0.4 +4.1+1.0 
1.2 +6.3 +9.5 +9.0 
+8.2 +10.3 +10.0 
+6.3 +9.3 +8.3 
Sk. Saslets Santee a +7.0 + 0.7 +9.5+ 0.1 +9.1 + 0.6 
1.2 + 20 to 30 ugm. crystal-| +6.5 
line vitamin B +8.8 
+6.0 
PE cantsncencees +7.1+1.1 
7.0 +9.5 9 +15.3 9° +15.0 9 
+13.8 ¢ +16.8 7 +16.0 7 
Average................] #11.5242.0 | +16.140.7 | +15.52+0.5 
Average, no addenda...| —0.9+ 0.9 —0.5+0.5 —0.4+0.8 














* These diets differ only in their equivalents of wheat added as an 80 per 
cent alcoholic extract of wheat. 


6.0 gm. per week, an increase in the level of wheat extract is of 


no advantage over our usual vitamin G-deficient diet. 


It is evi- 


dent also that the extract equivalent to 150 per cent of wheat in 


the diet is of no advantage over that equivalent to 100 per cent 
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of wheat at any of the levels of vitamin G intake. The experi- 
ment in which crystalline vitamin B(B,) was given in addition to 
addenda of vitamin G to rats on the Bourquin-Sherman diet shows 
conclusively that the unidentified factor in the wheat extract is 
entirely distinct from vitamin B(B,) since additions of vitamin 
B(B;) did not in the least increase the growth rate; whereas in 
parallel cases receiving an increased level of wheat extract, growth 
was significantly improved—this is in accord with our finding that 
the unidentified factor is relatively heat-stable. No vitamin G 
allowances intermediate in quantity between 1.2 mg. and 7.0 mg. 
per rat per day were fed, so that it is entirely possible that the 
rates of growth here obtained with 7.0 mg. could have been induced 
with lesser amounts. 

Merely for purposes of comparison, young rats depleted on the 
Bourquin-Sherman diet were subsequently fed this same diet in 
which 10 per cent of autoclaved yeast was incorporated. Five 
such animals grew at an average rate of 20.7 + 1.1 gm. per week 
over a similar 4 week test period. ‘The 20.7 gm. growth per week 
with autoclaved yeast additions as compared with 16.1 + 0.7 gm. 
per week with additions (to the modified Bourquin-Sherman 
diets) of vitamin G concentrate does not necessarily argue greatly 
for the superiority of the autoclaved yeast, since the yeast in all 
probability improves the diet with respect to non-vitamin sub- 
stances (for example, protein) as well as with respect to vitamin G. 


SUMMARY 


There is a close correlation between the requirements for vita- 
min G and the body weights of growing animals. This situation 
is responsible for certain ambiguities of interpretation of flattened 
growth curves. 

Highly active vitamin G concentrates, prepared in this labora- 
tory, and crystalline vitamin B(B,), together do not constitute the 
whole of the so called vitamin B complex. Growth is inappre- 
ciable when liberal quantities of each of these are supplied to rats 
as the sole sources of the B and G vitamins. An 80 per cent 
alcoholic extract of whole wheat carries a factor (or factors) which 
will supplement vitamins B and G to promote continuous growth 
in rats. The newly demonstrated active material in the wheat 
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extract is relatively heat-stable compared to vitamin B(B,) and 
is not taken up by ether from the dried alcohol extractives. 
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OTTO FOLIN 





With deep regret the Journal records the death on October 25, 
1934, of Otto Folin. Biochemistry has lost a leader of distinction, 
one who made a lasting impress upon the subject of animal metab- 
olism, and the Journal has lost one of its most widely known con- 
tributors and one of its most devoted friends. 

Already an investigator of note when this Journal was estab- 
lished in 1905, Folin was a member of its first group of collabora- 
tors. In 1920 when the Journal was entrusted to the American 
Society of Biological Chemists, he was selected as the Chairman 
of its Editorial Committee to advise with the editors concerning 
policy and management, and thereafter remained a most active 
and influential member of the committee. More than any other 
besides the editors, he represented the Journal to the Society and 
the Society to the Journal. 

Born in Sweden, April 4, 1867, Otto (Knut Olof) Folin came to 
Minnesota as a boy of fifteen to live with an older brother. After 
graduating at the University of Minnesota in 1892, he went as a 
graduate student in chemistry to the University of Chicago where 
the degree of Ph.D. was awarded him in 1898. His dissertation, 
published as a separate in 1896, was a study of the preparation 
and certain chemical properties of urethanes. 

Deciding to attempt a eareer in physiological chemistry, Folin 
spent the years 1897 and 1898 in Europe, the first with Hammar- 
sten at Upsala, the second with Kossel at Marburg where he was 
influenced also by Kutscher. For a period he worked with Sal- 
kowski at Berlin. 

On returning to America, Folin found no opening in physiologi- 
cal chemistry, a subject then cultivated in only a few institutions. 
After about a year of employment as an industrial chemist in 
Chicago, he secured appointment in the fall of 1899 as assistant 
professor of analytical chemistry at West Virginia University. 
Although at West Virginia only one year, he gave there a course 








in physiological chemistry which was of such interest to his sti 
dents as to persuade at least two of them to seek careers in that 
subject. 

In 1900 Folin was invited to the McLean Hospital for the Insa 
near Boston to undertake a chemical study of problems related te 
mental disease. The laboratory which he established there, solely 
for biochemical research, was among the first of that sort in an 
hospital in this country. Folin’s use of new methods which h 
worked out at the McLean Hospital led to his classic work on th 
composition of urine and to his theory of protein metabolism whie 
appeared in the American Journal of Physiology in 1905. ; 
Folin became in 1907 associate professor and in 1909 Hamilte 
Kuhn Professor of Biological Chemistry at Harvard. This latte 
position he held at the time of his death. 

As a man Dr. Folin was much beloved by the friends who kne 
him well. Simple in his tastes, modest and unassuming in manner 
he did not cultivate wide acquaintance but exemplified the ide: 
of devotion to his work, to his immediate colleagues and friends, 
and to his family. 








THE FATTY ACIDS OF THE PHOSPHATIDES OF BEEF 
SUPRARENALS* 


By W. C. AULT anv J. B. BROWN 


(From the Laboratory of Physiological Chemistry, the Ohio State University, 
Columbus) 


(Received for publication, July 28, 1934) 


INTRODUCTION 


In order to make a study of the chemistry of arachidonic acid, 
CyHs202, and a few of its more common derivatives, the authors 
were desirous of obtaining a crude material which contained this 
acid in relatively large amounts and at the same time contained 
no other polyethenic acids. Originally liver lipids were consid- 
ered as a source of the arachidonic acid, but Klenk (1) presented 
evidence showing that at least some samples of liver lipids may 
contain highly unsaturated acids other than arachidonic. Brown 
(2), from a study of the fatty acids found in the thyroid, supra- 
renals, and spleen, concluded that the acids present in suprarenal 
lipids were principally palmitic, stearic, oleic, and arachidonic, the 
last occurring to the extent of 5.5 per cent. A later examination 
(3) of lipids of whole suprarenals in this laboratory indicated that 
the fatty acids contained approximately 11.2 per cent of arachi- 
donic acid. 

It occurred to the authors that the phosphatide fraction of the 
suprarenal gland might possibly contain an even higher percentage 
of this acid. This material was available in large quantities 
through the courtesy of Dr. Oliver Kamm of Parke, Davis and 
Company, to whom we wish to acknowledge our indebtedness. 

This phosphatide fraction was subjected to a thorough study in 


* The data reported in this paper are taken from a thesis presented by 
W. C. Ault in partial fulfilment of the requirements for the degree of Doc- 
tor of Philosophy in the Graduate School of the Ohio State University. 

Read before the Biological Division at the Eighty-eighth meeting of 
the American Chemical Society at Cleveland, September 10-14, 1934. 
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so far as the component fatty acids were concerned. The methyl 
esters of the fatty acids were carefully fractionated three times. 
From the analytical data on these fractions, it was shown that the 
highly unsaturated acid ‘present is arachidonic acid and that at 
most only traces of any other highly unsaturated acids were 
present. By repeated recrystallization of the solid acids of the 
appropriate fractions, specimens of relatively pure palmitic, 
stearic, and arachidic acids have been isolated and identified. 
Linoleic acid has not been found. The fatty acids of suprarenal 
phosphatides contain approximately 22 per cent of arachidonic 
acid. 


Tas.e I 
Results of Analysis of Crude Phosphatide 








Batch No. Volatile N (dry basis) P (dry basis) 

per cent per cent per cent 

1 5.12 2.09 3.77 

2 5.48 2.09 3.77 

3 6.56 2.00 3.75 

4 7.89 1.95 3.77 

5 6.03 1.91 3.73 

6 5.28 1.99 3.94 

7 5.04 1.97 3.77 
Average 5.91 2.00 3.79 
Calculated* 1.74 3.85 
“ + 1.88 4.17 














*Calculated for theoretical lecithin-containing acids of molecular 
weight 282.3 as determined later. 
t Calculated for theoretical cephalin as above. 


EXPERIMENTAL 


Preliminary Work on Phosphatides—The phosphatide of the 
suprarenal gland is a by-product obtained during the manufacture 
of the cortical hormone. It is obtained as that fraction of the 
lipids of the beef suprarenal which is soluble in benzene, but insol- 
ublein acetone. Asit came to our laboratory it was a dark brown, 
waxy material with indefinite melting point, and contained some 
residual solvent. It was entirely soluble in ether. It gave only 
faint tests for cholesterol. 

As each batch was worked up it was systematically sampled and 
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the samples reserved for analysis. The percentage of volatile 
substance (principally acetone) was determined by warming a 
sample in a vacuum oven for 8 hours at 85°, previous work having 
shown that this was sufficient to bring it to constant weight. 
Upon these dried samples nitrogen was determined by the Kjeldahl 
method and phosphorus by wet oxidation and precipitation, finally 
being ignited and weighed as magnesium pyrophosphate. 

From the data presented in Table I it seems that this raw mate- 
rial is nearly pure phospholipid. It would appear to be chiefly 
composed of compounds of the lecithin and cephalin type. No 
attempt was made to isolate individual phosphatides. However, 
after the material was thrice precipitated from ether by acetone, 
it gave upon analysis 1.89 per cent nitrogen and 3.78 per cent 
phosphorus. 

Preparation and Distillation of Methyl Esters—The phosphatide 
was saponified by transferring 500 gm. of it to a 5 liter flask contain- 
ing 200 ce. of 50 per cent potassium hydroxide solution. To this 
mixture was added enough ethyl] alcohol (approximately 500 cc.) 
so that boiling would take place readily on a water bath without 
excessive foaming. The mixture was refluxed slowly 2 hours in 
order to insure complete saponification. 500 cc. of n-butyl alcohol 
were then added, followed by about 3 liters of hot water. After 
thorough mixing the butyl alcohol layer containing the soaps was 
removed in a separatory funnel. The butyl alcohol solution of the 
soaps was acidified with an excess of concentrated hydrochloric 
acid, a large amount of water added to dissolve the salts which 
were precipitated, and the butyl alcohol layer containing the fatty 
acids separated. The alcohol was then rapidly removed by 
distillation under reduced pressure in order to minimize the forma- 
tion of butyl esters. A large excess of acidified methyl alcohol 
(dry hydrochloric acid) was then added and the whole refluxed 
slowly for 18 hours on a water bath. During all these operations 
nitrogen or natural gas was used whenever feasible to prevent 
oxidation. This procedure is practically the same as that described 
previously (4) for the preparation of the esters of brain fatty acids. 

The methyl esters so prepared were distilled once and preserved 
in bottles under nitrogen gas, the yields being approximately 50 
per cent of the weight of the phosphatide in each case. Some 
difficulty was encountered during the distillation owing to foaming 
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and the esters were colored a light brown by impurities coming 
over with them. However, in general, the foaming was not nearly 
so troublesome nor were the undistillable residues in the Claisen 
flasks nearly so large as was the case previously in preparing the 
esters from the brain fatty acids. 

When approximately 6 kilos of esters had been prepared, they 
were thoroughly mixed in a large flask; 2350 gm. were withdrawn 
and fractionated three times, the first time at about 2mm. pressure 


TABLE II 
Results of Fractionation, with Analytical Data of Fractions 





























Mean Poly- | Bromine 
a ogee Weight | ™°G,"*" | (estere)*| "No. Poly 7 
' acids (eaters) (esters) Pe 
°C. gm. per cent . 
1 180-190 | 24.5 | 255.8 19.5 | 0.27 
2 190-195 | 124.5 | 261.4; 20.1 0.57 
3 195-200 | 253.0 | 262.7) 33.9) 1.83 228 
4 200-205 | 198.0 | 269.5 | 48.2]| 3.61 228 
5 205-210 | 232.0 | 274.9; 67.3| 5.41 227 
6 210-215 | 446.5 | 281.8; 89.1 | 9.15 228 
7 215-220 | 435.0 | 285.6 | 114.7 | 18.73 228 
8 220-225 | 192.0 | 290.2 | 169.1 | 42.49 | 66.31 227 
9 225-230 | 130.0 | 299.8 | 221.0 | 53.85 | 66.47 | 227 
10 230-235 | 73.0 | 306.1 | 255.2 | 69.31 | 66.61 228 
ll 235-240 | 48.0 | 311.5 | 261.8 | 74.38 | 65.82 | 228 
12 240-245 | 39.0 | 318.1 | 247.4 | 70.76 | 66.88 | 228 
13 245-250 12.0 | 336.4 | 201.7 | 51.51 | 66.43 | 230 
14 250-253 7.0 | 339.1 | 192.7 | 43.11 | 66.68 | 233 
Original esters 2350.0 | 282.3 | 105.3 | 18.12 | 66.30 | 228 





* Hanus, 1 hour method. 


and the last two times at 15 mm. pressure. Fractions were taken 
at 5° intervals. Constant pressure was maintained by introducing 
a controlled stream of nitrogen gas. The results of this fractiona- 
tion appear in Table II, as do the analyses of the fractions. The 
polybromide number (weight of ether-insoluble bromides from 100 
gm. of sample) was determined on 3 to 10 gm. samples. This 
sample was weighed into a tared 50 cc. centrifuge tube, brominated 
in cold ether, and allowed to stand at least 4 hours. The precipi- 
tated bromides were centrifuged and washed thoroughly at least 
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four times with cold ether. They were allowed to stand 24 hours 
at 40-50° and were then weighed. 

From the boiling point data correlated with the figures for the 
mean molecular weights it is evident that these esters are composed 
almost entirely of acids of the Cis, Cis, and Cyo series. The high 
molecular weights of Fractions 13 and 14 are possibly due to small 
amounts of material other than ordinary fatty acids present in 
these esters, as attempts to isolate any saturated acid higher than 
arachidic failed. However, since only small amounts of material 
were available in these fractions, these attempts were confined to 
recrystallization methods. Hence the possibility of the occurrence 
of acids higher than C29 in very small amounts is not entirely 
excluded. In the boiling point ranges from 205-220° we find the 
largest fractions. With distillation conducted at 15 mm. pressure 
we would normally expect the Cis acids to predominate in these 
fractions. On the other hand, it is noteworthy that the upper 
seven fractions have molecular weights appreciably above that 
for the Cig series. 

Saturated Acids—15.8 gm. of acids prepared from the esters of 
Fraction 1 were subjected to the lead soap-ether separation, giving 
12.5 gm. of solid acids of molecular weight 251.3. This is indica- 
tive that small amounts of a saturated acid with a lower molecular 
weight than palmitic acid are present. Owing to the small amount 
of material available, no attempt was made to isolate such an acid. 
It was assumed to be myristic acid. 

Fraction 2 when subjected to the lead soap-ether separation gave 
87 per cent of saturated acids and 13 per cent unsaturated. When 
the saturated acids were repeatedly recrystallized from acetone, a 
product was obtained, the molecular weight of which was 258.6 
and which melted sharply at 62.5° (uncorrected). Palmitic acid, 
molecular weight 256.3, is said to melt at 62.6°. Further recrystal- 
lization of the sample produced no change in the melting point. 

47.5 gm. of the acids from Fraction 6 were subjected to the 
lead soap-ether separation, giving 59 per cent saturated acids and 
41 per cent unsaturated. When the resulting solid acids were 
recrystallized from acetone three times, an acid which melted at 
69.0-69.3° was obtained. Three further recrystallizations did not 
change the melting point of this acid. A mixed melting point was 
determined with a sample of pure stearic acid which had been 
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prepared from butter fat, and no depression was noted. The 
molecular weight by titration, 287.7, is further evidence of the 
presence of stearic acid (theory 284). 

Fraction 10 by the lead soap-ether method gave the following 
results. 








Per cent | I No. = ne 
Saturated acids.................... 19 52.8 293.5 
Unsaturated acids................. 81 270.2 (esters) 304.2 








After four crystallizations from acetone the saturated acids melted 
at 62.5° and had a molecular weight of 301; they were probably a 
mixture of stearic and arachidic acids. 

Fraction 12 gave 12 per cent of saturated acids and 88 per cent 
unsaturated. 1 gm. of solid acids prepared from Fraction 12 by 
the lead soap-ether method was recrystallized from acetone until 
no further change in the melting point was noted. The molecular 
weight of the resulting acid by titration was 310.5; it melted at 
74.3° (uncorrected). Arachidic acid, molecular weight 312, has 
been reported recently (5) to melt at 74.9-75.1°. It should be 
noted here that Fraction 14 gave a very small quantity of a solid 
acid with a melting point of 74.8-75.8°. This indicates that it is 
scarcely possible that more than traces of a saturated acid contain- 
ing more than 20 carbon atoms are present. 

Unsaturated Acids—The isolation and identification of the 
unsaturated acids is by no means as simple or positive as is the 
case in dealing with the saturated acids. The unsaturated acids 
of Fraction 2 had an iodine number of 107.9 and a molecular 
weight of 283.4. We believe that the possibility of the occurrence 
of a Cis unsaturated acid in these esters is slight. One would 
expect oleic acid to be present, if for no other reason than because 
of its almost universal occurrence. The actual isolation and 
identification of oleic acid has not been attempted. 

Attempts to isolate linoleic acid as its tetrabromide both on the 
original esters and on Fraction 6 have met with failure. Conse- 
quently, it seems that ordinary linoleic acid is not present in more 
than very small amounts. 

As has been stated, arachidonic acid is present in large amounts. 
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Detailed data concerning its preparation and properties will be 
given in the following paper (6). Every fraction yielded poly- 
bromides which, in the main, appeared to be identical. These 
bromides all melted at 227—228° (uncorrected) except those from 
Fractions 13 and 14 which melted at 230° and 233° respectively. 
When it is remembered that these two fractions together contained 
only 19 gm. of esters, it is seen that the possibility of the occurrence 
of any highly unsaturated acid except arachidonic, in more than 
traces, is very slight. 

No attempt has been made to demonstrate the presence or 
absence of Ceo unsaturated acids other than arachidonic. How- 
ever, none of our work gave any indications of their presence. 

Calculation of Major Component Acids—On the basis of the 
assumptions that the methyl esters of the suprarenal fatty acids 
consist chiefly of the oleate, arachidonate, myristate, palmitate, 
stearate, and arachidate and that not more than two saturated 
esters occur in any given fraction in Table II, it is possible to make 
an approximate calculation of the composition of the fatty acid 
mixture. Methyl arachidonate occurs in every fraction. By the 
method described in the following paper the amount of methyl 
arachidonate in each fraction is given by the following formula, 


polybromide No. fraction X 100 
86.5 





Per cent methyl arachidonate= 


where 86.5 is the polybromide number of pure methyl arachidonate. 
The remaining calculations are by the usual methods. Suffice it 
to say that when the amount of methyl arachidonate had been 
ascertained, its iodine number was subtracted from the iodine 
number of the fraction ; the remaining iodine number was assumed 
to be due to methyl oleate, from which the content of this ester was 
deduced. Corrections were then made for the mean molecular 
weight due to the oleate and arachidonate; the remainder of the 
fraction has been calculated as consisting of two saturated esters. 
While the inherent errors of such a calculation are great, the 
results do constitute a rough approximation of the ester, and 
hence acid, mixture. When such calculations are applied to the 
fourteen fractions of Table II, and the results totaled, the following 
percentage composition is obtained: methyl arachidonate 22.2, 
methyl oleate 40.2, methyl myristate 1.2, methyl palmitate 23.8, 
methyl stearate 11.1, methyl arachidate 2.0. 
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It is worthy of note that with respect to arachidonic acid the 
results obtained by this calculation and those reported in the 
following paper, in which the determination was made directly by 
the lithium soap-acetone method, are in excellent agreement. 


The authors wish to express their thanks to Dr. C. S. Smith and 
Mr. A. W. Bosworth for their kind suggestions and encouragement 
during the pursuit of this investigation. 


SUMMARY 


1. A sample of commercial beef suprarenal phosphatides has 
been examined and found to be almost pure phospholipids. 

2. The methyl esters of the fatty acids of these lipids have been 
prepared and carefully separated into fourteen fractions; these 
fractions have been analyzed. 

3. Pure specimens of palmitic, stearic, and arachidic acids have 
been isolated. 

4. Definite evidence for the occurrence of small amounts of a 
saturated acid of lower molecular weight, possibly myristic acid, 
has been presented. 

5. The occurrence of any saturated acid higher than arachidic 
in appreciable quantities is shown to be doubtful. 

6. The principal unsaturated acids in suprarenal phosphatides 
are oleic and arachidonic acids. 

7. Arachidonic acid occurs to the extent of about 22 per cent; 
suprarenal phosphatide is the richest source of this acid thus 
far reported. 

8. The approximate composition of the fatty acid mixture is 
given. 
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Since the discovery of arachidonic acid, C2oH32O2, in the liver by 
Hartley in 1909 (1), further investigation of the acid has been 
limited chiefly to reports of its occurrences. Actual preparations 
of the acid were made, however, by Levene and Simms (2), Levene " 
and Rolf (3), Cartland and Hart (4), Eckstein (5), and Brown (6). ' 
The more generally accepted procedure for estimating this acid 
quantitatively has been to add bromine to an ether solution of a 
mixture of fatty acids or their esters, to weigh the precipitated 
octabromides, and to calculate the weight of acid present from } 
these bromides. This method has been employed also in the esti- ' 
mation of linolenic acid and other highly unsaturated acids. ‘ 
Brown claimed that the results obtained by such calculations were 
far too low. He suggested a method, based upon the fact that 
the polybromide number of arachidonic acid or its methyl ester is 
only about one-fourth that predicted by the theory, so that the i‘ 
content of arachidonic acid in a mixture of fatty acids may be | 
calculated more accurately by the following equation 


(polybromide number, mixed acids) X 100 
80.4 


Per cent arachidonic acid= 





in which 80.4 represents the polybromide number of pure arachi- 
donie acid as determined by experiment. This method of calcu- 


* The data reported in this paper are taken from a thesis presented by 
W. C. Ault in partial fulfilment of the requirements for the degree of Doctor 
of Philosophy in the Graduate School of the Ohio State University. 

Read before the Biological Division at the Eighty-eighth meeting of 
the American Chemical Society at Cleveland, September 10-14, 1934. 
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lation raised the question as to whether the pure specimen of 
arachidonic acid, prepared by reduction of precipitated octabro- 
mides, was the same acid as that which occurred in the original 
lipid. There was a possibility (cf. the work of Erdmann and 
Bedford (7) and Rollett (8)) that the original arachidonic acid 
might be a single one of a number of possible cis-trans isomers 
which would give a quantitative yield of ether-insoluble octabro- 
mide and that the arachidonic acid prepared by bromide reduction 
might be a mixture of acids, only one-fourth of which yielded such 
bromides. This and the preceding investigations (9) were carried 
out with the object in mind of definitely answering this question. 

In the preceding report (9) it was shown that arachidonic acid 
occurs in high concentration in the phosphatides of beef suprarenal, 
and that it is the only polyethenic acid present in an appreciable 
amount. In the present report five preparations of methyl arachi- 
donate are described, which have been made by three methods: by 
direct distillation of esters, by the lithium soap-acetone separation 
on the whole acids (also followed by further purification of these 
acids by one fractionation), and by reduction of highly purified 
methyl octabromoarachidate with zine. It is definitely shown 
that so far as polybromide number is concerned there is no essen- 
tial difference between these preparations. As a result of these 
observations the method of quantitative determination of arachi- 
donic acid as suggested by Brown is shown to be correct. There 
is no reason why the method should not be applied to other highly 
unsaturated acids, provided the polybromide number of the acid 
mixture (or ester mixture) is known. 

The constants of highly purified methyl arachidonate and 
arachidonic acid are described. The lithium soap-acetone method, 
described by Tsujimoto (10), affords a satisfactory procedure for 
the direct isolation of arachidonic acid. 


EXPERIMENTAL 
Preparation of Methyl Arachidonate 


By Direct Fractional Distillation of Methyl Esters of Suprarenal 
Phosphatide Fatty Acids—Fraction 11 of the preceding report (9) 
gave an iodine number of 261.8, mean molecular weight of 311.5, 
and a polybromide number of 74.4. On the basis of the iodine 
number the purity is approximately 85 per cent. 
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Lithium Soap-Acetone Method—Tsujimoto (10) claimed to have 
obtained a satisfactory isolation of the highly unsaturated fatty 
acids of fish oils by the so called lithium soap-acetone method. 
The lithium soaps of the polyethenic acids are soluble in 95 per 
cent acetone, whereas the soaps of the other fatty acids are insol- 
uble. We have employed the following procedure. Suprarenal 
phosphatide fatty acids were prepared from the freshly distilled 
methyl esters by saponification and liberation of the acids from the 
soaps by acidification with hydrochloric acid. 100 gm. of these 
acids were weighed into a 3 liter flask and dissolved in 400 cc. of 
anhydrous acetone. Phenolphthalein indicator was added and 
the acetone solution was titrated with 5 n lithium hydroxide in 
water until a faint pink color persisted. The number of cc. of 
alkali was noted and enough water added to make the total amount 
of water added 120 cc. 1500 cc. of anhydrous acetone were added 
with stirring. The flask was placed in an ice bath for 4 hours. 
The insoluble soaps were filtered off with suction and washed 
twice with 95 per cent acetone. The acetone-soluble soaps were 
decomposed with dilute hydrochloric acid. About one-half of the 
acetone was removed by distillation; the remaining solution was 
diluted with several volumes of water and extracted with ether. 
The ether layer was washed with water, transferred to a flask, and 
the ether removed by heating under reduced pressure. The 
residue, 20.5 gm. (20.5 per cent of the total fatty acids), had an 
iodine number of 286.2. The purity (from the iodine number) 
was about 90 per cent. After esterification, the mean molecular 
weight of the methy] ester was 319.2 and the polybromide number 
76.2. 

Two other determinations of arachidonic acid by the lithium 
soap method gave 19.0’and 19.8 per cent respectively. The 
average of the three determinations was 19.8 per cent. This is in 
fair agreement with the amount calculated from the polybromide 
number, 22.2 per cent (cf. preceding report). The agreement is 
almost exact if corrections are made for the purity and for the 
amount of arachidonic acid carried over into the saturated frac- 
tion, which amounts to about 4.4 per cent (see below). 

81 gm. of the acids whose lithium soaps were insoluble in acetone 
were subjected to the lead soap-ether separation and yielded 54.5 
gm. of saturated acids and 27.5 gm. of unsaturated acids. The 
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latter gave an iodine number of 130.6 and a molecular weight of 
286. Since they gave a polybromide number of 13.9, which 
corresponds to about 16 per cent of arachidonic acid (about 4.4 
per cent of the whole acids), it is obvious that appreciable amounts 
of arachidonic acid were carried over into the acetone-insoluble 
lead soaps. It is to be noted, however, that the method as 
employed above favored purity of the arachidonic acid rather than 
immediate quantitative results. 

In order to obtain a purer specimen of methyl arachidonate 
from the acids obtained by the lithium soap method, 45 gm. of 
these acids were converted into methyl esters and these esters 
fractionated. The analyses of the fractions are given in Table I. 


TABLE I 


Results of Fractionation of Methyl Arachidonate Prepared from Acids 
Obtained by Lithium Soap-Acetone Method 

















Fraction No. . yy Weight I No.* ene, Oe 
*C. gm. 
1 Up to 175 2.5 217.9 323.7 35.50 
2 175-190 4.2 243.1 317.4 57.00 
3 190-205 37.7 304.5 318.5 81.00 
Theoretical methyl arachidonate ...| 319.0 318.0 301.0 





* Hanus, 12 hours. 


On the basis of iodine number Fraction 3 is about 95 per cent 
pure. 

Preparation of Methyl Arachidonate and Arachidonic Acid by 
Reduction of Methyl Octabromoarachidate—1 kilo of the freshly 
distilled methyl esters from suprarenal phosphatide was dissolved 
in 4 liters of dry ether and brominated at a temperature of 0° with 
continual stirring. The precipitated bromides were thoroughly 
washed seven times by decantation with cold ether. The yield 
of pure white methyl octabromoarachidate was 184 gm.; melting 
point, 227-228° (uncorrected); bromine content, 65.83 per cent. 

100 gm. of these bromides were suspended in 1 liter of methyl 
alcohol and heated to boiling with 100 gm. of zinc dust. 1 to 2 
ec. of concentrated hydrochloric acid were added to start the 
reduction, the mixture being heated under a reflux for 6 hours; 
then about half of the methy] alcohol was boiled off. The residue 
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of alcohol, zinc, and zinc bromide was transferred to 250 cc. centri- 
fuge bottles and all solids removed by centrifugation. The clear 
alcohol solution was poured into water and acidified to decompose 
any zinc arachidonate which might have been formed. The 
methyl] arachidonate was extracted with ether and separated. The 
ether solution was then placed in a distilling flask and the ether 
removed. To assure complete esterification, the product was 
again refluxed with methyl] alcohol, containing dry hydrochloric 
acid; it was finally distilled under reduced pressure. Yield, 17.3 
gm. of water-white ester (52 per cent of theory); b. p. 200-205° at 
1 to 2 mm. pressure; iodine number (Wijs 1 hour), 316.9;' theory, 
319; molecular weight, 318.8; polybromide number, 86.5; n?° = 
1.4723. The ester on standing at a temperature of —85° over- 
night failed to solidify. Carbon found, 79.18; theory, 79.17; 
hydrogen, 10.88; theory, 10.77. 

In a second similar preparation, 85 gm. of bromides gave 16.2 
gm. of methyl arachidonate (57 per cent yield). Iodine number, 
315.4; molecular weight, 317.9; polybromide number, 85.46 and 
83.20; carbon, 78.52; hydrogen, 10.40. 

Upon reduction the ester yielded a product which after saponifi- 
cation, liberation of the acid, and crystallization three times from 
acetone melted sharply at 73° uncorrected. A mixed melting 
point with the arachidic acid prepared from Fraction 12 (ef. 
preceding report) showed no depression. The acid was believed 
to be pure arachidic acid. 

5 gm. of methyl arachidonate were saponified with boiling alco- 
holic potassium hydroxide for 15 minutes. After cooling, an excess 
of hydrochloric acid and water was added, and the arachidonic 
acid extracted with ether. The ether was removed by warming 
under reduced pressure at.200° for several minutes in a bath of 
Wood’s metal. The arachidonic acid, thus prepared, gave the 
following data: iodine number, 332.7 (theory, 334); molecular 
weight, 304.2 (theory, 304); polybromide number, 84.2 (theory, 
310); n?° = 1.4824. After freezing in dry ice and allowing to stand 
overnight, it melted sharply at —49.5°. This sharp melting point 


‘Our experience has shown that the Hanus 1 hour reaction gives an 
iodine number which is at least ten points low; the Wijs reagent with 1 hour 
reaction appears to give results which are more consistent and closer to the 
theoretical. 
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is an indication, we believe, that the acid, prepared as above, is a 
pure compound and not a mixture of several isomers (cis-trans or 
position of double bonds). 


DISCUSSION 


For convenience the analytical data on the five preparations 
of methyl arachidonate, described above, are summarized in 
Table II. 








TaBLeE II 
Comparison of Analyses of Methyl Arachidonate Prepared by Different 
Methods 
Poly- 
bromide 
Mean Approxi- | Poly- No. 
Method of preparation mol. wt. I No. mate bromide | based on 
(ester) purity* No. 100 per 
cent 
purity 
Fractionation three times.....| 311.5 | 261.8t 85 74.4 87.6 
Lithium soap-acetone on 
a ee 319.2 | 286.2t 90 76.2 84.7 
Same followed by fractiona- 
ne wad cca he 318.5 | 304.5 95 81.0 85.2 
Reduction of bromides........ 317.8 | 316.9 100 86.5 86.5 
- sa vail oer 317.8 | 315.4 100 84.3 84.3 
Theory methyl arachidonate..| 318.0 | 319.0 




















* Calculated from iodine number. 

t These iodine numbers were determined by the Hanus 1 hour reaction 
and are approximately ten points low. This has been taken into account 
in calculating the approximate purity. 


The polybromide numbers, as actually determined, fall between 
the values 74.4 and 86.5, the lower values being found for the more 
impure esters. When the polybromide numbers are corrected to 
the basis of 100 per cent purity, they give excellent agreement, 84.3 
to 87.6. There is no indication in these results that the polybro- 
mide number of esters prepared by the bromination method is 
appreciably different from that of esters prepared by other less 
drastic and unavoidable laboratory procedures. We prefer to 
regard the value, 86.5, given by the purest of the preparations 
above, as the most nearly accurate of the five. 

In view of these facts, Brown’s suggested equation for the 
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estimation of methyl arachidonate in a mixture of methyl esters 
is shown to be correct, except for the substitution of a new value 
for the polybromide number of the pure ester; the equation follows. 


Per cent methyl “ (polybromide number, mixed methyl esters) X 100 
arachidonate 86.5 





If the content of arachidonic acid is to be estimated in a mixture 
of fatty acids, the appropriate polybromide numbers of the mixed 
acids and of pure arachidonic acid (84.2) should be substituted in 
the equation. 

We believe that this method of calculation may be applied 
generally in the quantitative estimation of highly unsaturated 
acids. However, since each of these acids gives inherently a 
characteristic and definite yield of ether-insoluble bromides, in 
applying the method to other acids it is necessary to know the 
polybromide number of the pure acid (or mixture of acids). Conse- 
quently it will be necessary to prepare a pure specimen of the acids 
from the material under investigation and to determine its poly- 
bromide number before applying the above formula. 

From a purely theoretical standpoint our results have not 
finally proved that the arachidonic acid in suprarenal phosphatide 
does not give a theoretical yield of ether-insoluble bromides, 
because in all of our preparations, either saponification or other 
manipulations have been unavoidably employed which might 
conceivably have altered the acid. From a practical standpoint 
so far as actual estimation of the acid is concerned this is not 
important. Further, there is little evidence to warrant the suppo- 
sition that such a change occurs. 


* SUMMARY 


1. Preparations of methyl arachidonate by three types of 
methods are described. These preparations show no essential 
differences in polybromide number. 

2. Application of these results to the quantitative estimation of 
arachidonic acid are discussed; also their more general application 
to the determination of highly unsaturated acids. 

3. The constants of highly purified methyl arachidonate and 
arachidonic acid are described. 

4. The lithium soap-acetone method affords a satisfactory 
procedure for the direct isolation of arachidonic acid. 
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PROPORTIONALITY STUDIES ON CATALASE 


By GRAHAM W. MARKS 


(From the Scripps Institution of Oceanography of the University of California, 
La Jolla) 


(Received for publication, July 24, 1934) 


Preliminary to a study of the inactivation of catalases from 
marine plants, it was desirable to learn whether or not there is a 
direct proportionality between enzyme concentration and quan- 
tity of hydrogen peroxide decomposed over a wide range of pH 
values. Morgulis (1) investigated this relationship for beef 
kidney catalase under varying buffer and hydrogen peroxide 
concentrations at a pH of 7.0 and a temperature of 21°. Similar 
results, but under more limited experimental conditions, were 
obtained by Marks and Fox (2) for catalase from the California 
mussel. 


Procedure 


The methods used in this investigation were, for the most part, 
the same as those described (2, 3). Extracts of the tissues of 
certain marine plants were prepared by macerating them in buffer 
solutions or other aqueous media, and filtering at once through 
filter paper. When necessary, purified sand was used for tritura- 
tion. Concentrations of extracts are expressed on the relative 
percentage basis (3). Preparations were stored and measure- 
ments were made at 20.0° + 0.2°. 5 cc. samples were added by 
pipette to 2 cc. portions of hydrogen peroxide solution (or vice 
versa) prepared from Merck’s superoxol. The reaction time 
interval was 60 minutes, and controls were run simultaneously. 
Most of the extracts were brilliantly colored, and it was not possible 
to check the pH by the indicator method. Unless otherwise 
remarked the hydrogen peroxide solutions employed were 0.24 to 
0.28 m. 

Optimum pH—Optimum pH curves were obtained for catalases 
from three different species and are shown in Fig. 1. 40 per cent 
623 
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extracts were prepared in distilled water. To portions of these 
preparations were added equal volumes of buffer solutions. Up 
to pH 8.3, the buffers used were Sérensen’s (4) phosphate and 
Clark’s (5) phosphate-sodium hydroxide mixtures. Beyond pH 
8.3, boric acid-potassium chloride-sodium hydroxide mixture 
buffers (5) were employed. The hydrogen peroxide solutions were 
prepared in distilled water. It is apparent that there are optimum 
regions lying in a pH range of about 6.5 to 8.0. 
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3 4 5 6 7 8 9 
PH 
Fia. 1. Optimum pH curves for catalases from marine plants. Curve, 
Corallina officinalis; Curve 2, Pikea californica; Curve 3, Amphiroa asper- 
gillum forma nana (40 per cent extracts). 


Proportionality between Catalase Concentration and Quantity of 
Hydrogen Peroxide Decomposed—Extracts of the marine plant, 
Corallina officinalis, were prepared in buffer solutions ranging from 
pH 4.5 to 10.0. The procedure was the same as that previously 
given (2); and the hydrogen peroxide solutions employed were 
prepared in the corresponding buffer. 

In Fig. 2 are plotted data showing that the quantity of hydro- 
gen peroxide decomposed is a direct measure of the catalase 
concentration for pH values from 4.5 to 10.0 except that sharp 
changes in slope occur in some of the curves. Data plotted in 
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Fig. 3 are for catalase from Pikea californica at pH 7.0. It is seen 
that the quantity of hydrogen peroxide decomposed is fairly inde- 
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Fig. 2. Mg. of HO: decomposed versus fractional concentration of ex- 
tract of Corallina officinalis. The H,O, concentrations are listed through- 
out in the order O, @, @. Curve 1, 80 per cent extract, Sérensen phos- 
phate buffer, pH 4.5, H,O, concentrations of 0.538 m, 0.277 m, 0.158 m; Curve 
2, 40 per cent extract, H;BO;-KCl-NaOH mixture buffer, pH 10.0, H,0, 
concentrations of 0.453 m, 0.242-m, 0.139 m; Curve 3, 20 per cent extract, 
phosphate buffer, pH 7.0, H,O. concentrations of 0.524 m, 0.271 m, 0.202 m; 
Curve 4, 50 per cent extract, Sérensen phosphate buffer, pH 5.0, HzO, 
concentrations of 0.379 m, 0.249 m, 0.142 m; Curve 5, 50 per cent extract, 
phosphate buffer, pH 8.0, H,O: concentrations of 0.453 m, 0.242 m, 0.139 m; 
Curve 6, 30 per cent extract, phosphate buffer, pH 6.0, H.O, concentrations 
of 0.384 m, 0.250 m, 0.166 m. (H,O, concentrations are given for the total 
volume, i.e. 7 cc., not for the 2 cc. of H,O, solution added.) 


pendent of the peroxide concentrations over the ranges investi- 
gated. 
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It is not possible at present to state definitely just what caused 
these sharp changes in slope. Loew (6) thought that two catalase 
exist which he designated as a-catalase and f-catalase. Becking 
and Hampton (7) were of the opinion that it is a question of degree 
of peptization of the same material. However, the inflections may 
be due to the impurity of the enzyme preparations. 

In Curves 1, 2, and 6 (Fig. 2) the extrapolated portion AB may 
indicate the change in activity with change in concentration for 
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Fig. 3. Mg. of H:O, decomposed versus fractional concentration of ex- 
tract of Pikea californica in a phosphate buffer at pH 7.0. 40 per cent 
extract, H.O, concentrations of O 0.702 m, + 0.514 mM, @ 0.255 Mm, A 0.170. 


one modification. Thus, the activity of the other would be repre- 
sented by the difference between AB and BC. 


SUMMARY 


1. Optimum pH curves are given for catalases from Amphiroa 
aspergillum forma nana, Corallina officinalis, and Pikea californica. 
2. Considering catalase from Corallina officinalis, under the 
given experimental conditions the quantities of hydrogen peroxide 
decomposed are directly proportional to the enzyme concentration 
and approximately independent of the hydrogen peroxide concen- 
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trations over a pH range of 4.5 to 10.0. However, sharp changes 
occur in the slopes of some of the curves. 
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THE POLYSACCHARIDE OF THE VITREOUS HUMOR 
By KARL MEYER ann JOHN W. PALMER 


(From the Biochemical Laboratory of the Department of Ophthalmology of the 
College of Physicians and Surgeons, Columbia University, New York) 


(Received for publication, September 4, 1934) 


Since the work of Mérner (1) the existence of a mucoid in the 
vitreous humor has seemed well established. All subsequent 
workers used his method of preparation: the precipitation of the 
diluted native vitreous humor with dilute acetic acid. In his 
recent book on the nature of the vitreous body (2), Duke-Elder 
gives its concentration as 0.021 per cent, or about 30 per cent of 
the total protein present. The only analysis we were able to find 
on this mucoid is that of Mérner: N, 12.27 per cent; S, 1.19 per 
cent. 

The stability of a typical mucoid, as, for example, egg mucoid, 
toward splitting into its polysaccharide and protein components 
is very remarkable. Thus Levene and Mori (3) state that the 
egg white must be hydrolyzed on the steam bath with 10 times its 
volume of 10 per cent barium hydroxide for 7 hours. 

In an effort to prepare the supposed vitreous mucoid for other 
studies, we obtained, by very gentle methods, a free polysaccharide 
acid of high molecular weight, which is apparently in the vitreous 
humor in a salt-like combination. It appears to be a substance 
unique in higher animals, and may be best compared with some 
of the specific polysaccharides of bacteria. 


EXPERIMENTAL 


Our starting material was the acetone precipitate of fresh cattle 
vitreous humor. Lots of 100 eyes were brought from the abattoir 
packed in ice; the vitreous humor was immediately removed, 
strained through loose cotton gauze, and poured into 10 times its 
volume of cold acetone with vigorous stirring. After standing 
overnight in the ice box, it was filtered by suction, washed abun- 
629 
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dantly with acetone and ether, dried in vacuo over P2Os, and pow. 
dered. The yield from 100 eyes was about 3.2 gm., containing 
about 7 per cent nitrogen, 11 per cent moisture, and 40 per cent 
ash (ashed with H.SO,). The pH of an aqueous suspension of 
this powder was greater than 10, while the original vitreous humor 
has a pH of about 7.8. This alkaline reaction cannot be explained 
by loss of COz. The supernatant acetone after evaporation was 
also alkaline. By a similar treatment, no carbonate was formed 
from bicarbonate. Other protein solutions, e.g. serum, become 
slightly more acid after acetone precipitation. 

In the first experiments aqueous extracts of the acetone powder 
were precipitated by acidified alcohol. The powders thus obtained 
had 5 to 6 per cent nitrogen and 30 to 40 per cent reducing sub- 
stances as glucose (Hagedorn-Jensen method (4) after 2 hours of 
hydrolysis in sealed tubes with 2 N HSO, in boiling water). Their 
solutions were not precipitated by dilute acetic acid, barium hy- 
droxide, or neutral lead acetate, but were precipitated by basic 
lead acetate. The Molisch reaction was strongly positive. From 
the analytical figures and the reactions it was evident that the 
substance was not a mucoid, but a polysaccharide. 

For obtaining the purified polysaccharide acid, the acetone 
powder from 100 eyes is extracted three times with 200 ce. portions 
of 90 per cent acetic acid. The residue is washed with alcohol 
until most of the acetic acid is removed, then suspended in water, 
and neutralized with n NaOH to facilitate centrifuging. This 
extraction with water is repeated on the centrifuged residue. 

This residue consists of a fibrous mass, insoluble in all solvents 
except hot alkali, having a nitrogen content of 13.5 per cent (ash- 
free), and giving a strong Molisch reaction after hydrolysis. It is 
similar to collagen, and probably identical with the “residual 
protein” of Duke-Elder (2). Its yield is between 0.7 and 1.0 gm. 
per 100 eyes. 

The combined aqueous extracts from above are poured into 6 
times their volume of alcohol to which a few cc. of glacial acetic 
acid are added. After standing cold overnight, the mixture is cen- 
trifuged, taken up in a small volume of water, and poured into 15 
times the volume of glacial acetic acid. The stringy material 
stands overnight in the ice box, and is washed abundantly with 
alcohol, acetone, and ether, powdered, and dried in vacuo over 
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P,0;. The yield from 100 eyes is about 0.73 gm.; i.e., 30 per cent 
of the organic material. It contains a varying amount of inor- 
ganic material (2 to 10 per cent), mostly CaSO,, most of which can 
be removed by dissolving in 0.2 n HCl and reprecipitating in 
glacial acetic acid. 

By a similar procedure no polysaccharide was obtained from 
egg white. 

In Table I are given some of the data on the preparations of 
this acid for which we propose, for convenience, the name “‘hy- 
aluronic acid,” from hyaloid (vitreous) + uronic acid. 


TaBLeE I 
Analysis of Preparations of Hyaluronic Acid 





Reducing sub- 
tance as per cent | Equiva- 
Prepara- | Per cent . ucose* Per cent 
tion No. | nitrogen el iL. .# ash Remarks 
(a) (d) 





4-A 4.77 | 49.4 | 58.9 460 
20-A 5.16 | 49.0 | 61.2 464 
27-I1I | 4.41 52.6 | 60.7 446 | I 
30-It 3.84 | 51.0 | 59.4 453 














- OO 


.04 
.48 | 20.5% hexuronic acid 
R 


01 | 20.5% acetyl 








*(a) indicates values obtained after precipitation of the neutralized 
hydrolysate with Zn(OH),; (b) indicates values obtained directly on the 
neutralized hydrolysate. 

t Electrometric titration value 507. 

t Prepared from Preparation 27-III by reprecipitating from 0.2 n HCl 
in glacial acetic acid. 


The free acid is very hygroscopic, but is not easily soluble in 
water. The salts are very soluble, forming highly viscous solu- 
tions. The following qualitative tests were positive: carbohy- 
drate (Molisch), pentose (Bial), pentose or hexuronic acid (Tol- 
lens’ phloroglucinol), hexuronic acid (Tollens’ naphthoresorcinol), 
amino sugar (Elson and Morgan (5)); the following were negative: 
protein (biuret), galactose (mucic acid formation). The prepara- 
tions contain no phosphorus, and those with a low ash content 
contain only traces of sulfur (shown to be CaSQ,). 

Optical rotation in 2 per cent neutral solution in a 0.25 dm. tube, 
sodium light, was 0°; after hydrolysis, in 1.13 per cent solution, in 
a1dm. tube, —0.07° at 30°, sodium light. 
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In one preparation (No. 20-A) we found 20.5 per cent uronic 
acid calculated as hexuronic acid (6) (0.1995 gm. gave 0.01774 gm. 
of CO:). As a check on the method, 0.2072 gm. of pure glucuronic 
acid (for which we wish to thank Mr. L. L. Engel of the Depart 
ment of Biological Chemistry) gave 0.0480 gm. of CO2 compared 
with a theoretical of 0.0470 gm. In Preparation 30-I, acety] esti- 
mations by a slight modification of the method of Kuhn and Roth 
(7) showed 20.5 per cent acetyl, indicating two acetyl groups per 
equivalent weight. 

The quantitative amino sugar estimation (5) was unreliable, 
since the color from the glucosamine hydrochloride standard 
(violet-red) did not match well with the color produced by the 
hydrolysate (brown-red). With different standards we obtained 
values between 46 and 64 per cent of total nitrogen as amino sugar 
nitrogen, or 35 to 49 per cent of the total reducing substance as 
hexosamine. 

The reducing sugar content before hydrolysis indicated one 
reducing group present for about fourteen after hydrolysis. The 
hydrolysate yielded a mixture of phenylosazones which we have 
not as yet been able to separate. 

On electrotitration with the glass electrode in a current of hy- 
drogen to exclude CO, we obtained an apparent equivalent weight 
of 507 (18.56 mg. required 3.31 cc. of 0.01106 Nn NaOH), while 
the value by titration, with phenolphthalein as the indicator, was 
between 446 and 464. The electrotitration was made in a volume 
of about 80 cce., while the final volume in the colorimetric titration 
was about 4 cc. With the electrotitration data the apparent 
dissociation constant, calculated from the formula of Van Slyke 
(8), is 4.58 X 10-* at 32°, and the acid is therefore about 2.5 
times stronger than acetic acid. (We wish to thank Mr. F. Rose- 
bury of the Department of Biological Chemistry for assistance 
with the electrotitration.) 

It is evident that hyaluronic acid is not identical with what 
Levene and Lépez-Sudrez (9) considered a mucoitin sulfuric acid 
prepared from vitreous humor by alkaline treatment. Their 
material contained 3.6 per cent sulfur, while our material contains 
only traces as an impurity (CaSQ,). 

One might suspect that the ‘“mucoid’’ obtained by acidification 
of the fresh vitreous humor should be in our insoluble residue, 
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since the latter gives a strong Molisch reaction after hydrolysis. 
However, the known mucoids retain their solubility in water after 
treatment with acetone or similar agents. 

When the 90 per cent acetic acid extract above is evaporated, 
the residue taken up in water, and made alkaline with ammonium 
or sodium hydroxide, a precipitate is obtained containing on an 
ash-free basis 17.1 per cent nitrogen. The yield from 100 eyes is 
about 0.25 gm. The material is soluble in dilute acids and is 
reprecipitated by alkalies. On dialysis in 0.1 N HCl it passes 
through the collodion membrane. It seems to be of the nature 
of a histone or a simpler base. 

It is noteworthy that, according to Redslob (10), Abé found in 
vitreous humor two isoelectric points, one at pH 3.8, the other at 
pH 9.4. The latter would probably correspond to a complex con- 
taining the above basic substance. 

One may speculate as to the possible connection between the 
polysaccharide acid and the problem of glaucoma. Redslob and 
Reiss (11) have demonstrated that the injection of alkali into the 
vitreous humor produces a long lasting rise in intraocular pressure, 
while the introduction of acid or neutral solutions causes only 
transient changes. They also state that the introduction of acid 
into a glaucomatous eye lowered the tension and relieved the 
symptoms. They report the production in the rabbit of a picture 
“with all clinical symptoms of glaucoma” by isotonic sodium hy- 
droxide injection. There is a possibility of the spontaneous occur- 
rence of such an alkaline reaction by the lactonization of the poly- 
saccharide acid and the simultaneous liberation of the base which 
originally neutralized it. 


SUMMARY 


From the vitreous humor of cattle eyes a polysaccharide acid of 
high molecular weight has been obtained by methods avoiding 
strong hydrolytic agents. The acid has an apparent equivalent 
weight of about 450. As constituents there have been recognized 
a uronic acid, an amino sugar, and possibly a pentose. The dis- 
sociation constant has been determined as 4.58 X 10-* at 32°. An 
attempt will be made to relate the acid to the pathogenesis of 
glaucoma. 
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THE ABDOMINAL FAT OF THE WESTERN RANGE HORSE* 


By H. A. SCHUETTE, THELMA M. GARVIN, anv E. J. SCHWOEGLER 
(From the Department of Chemistry, University of Wisconsin, Madison) 


(Received for publication, September 4, 1934) 


Aside from some ten communications the object of which was 
to obtain a few diagnostic data as a means of detecting the presence 
of horse meat when used as an adulterant of sausages and canned 
beef, the major literature of horse fat investigations reflects two 
fields of interest. It is, with one exception (1), of European origin. 
One group of reports pertains to the fat rendered from the whole 
carcass; the other to that recovered from its various parts and 
organs. In the latter group reports are extant on the fat from the 
following depots: kidney bed (2-8), crest (1, 4, 5, 9-11), viscera 
(5, 10), heart (3), belly (8), sides (2, 4), back (3), and marrow (12). 
In every instance, apparently, the fat in question had been taken 
from the domestic work animal. 

This communication adds to the list data on the fat of the ab- 
dominal cavity of the untamed Western range horse, a creature 
unbroken to harness or saddle and left to its own devices in the 
matter of foraging for food. 


Preparation of Material 
The fat! subjected to investigation in this study was removed 
from the abdominal cavities of Western range horses, not over 4 
years of age, in the abattoir of a packer of prepared dog foods. It 
was rendered at water bath temperature in an atmosphere of car- 
bon dioxide, clarified by filtration, and dried by distillation at 
reduced pressure in the same gas. The final product was lemon- 


* Presented before the Division of Agricultural and Food Chemistry at 
the Eighty-eighth meeting of the American Chemical Society at Cleve- 
land, September 10-14, 1934. 

1 Acknowledgment is made to Chappel Brothers, Inc., Rockford, Illi- 
nois, for the fat used herein. 
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yellow in color and of a semisolid consistency, separating into g 
liquid and a solid portion on standing at room temperature. Its 
acidity, expressed as oleic acid, was found to be 1.97 per cent. 


Analysis of Fat 


Chemical and Physical Characteristics—By use of the methods of 
analysis of the Association of Official Agricultural Chemists, unless 
otherwise indicated, the following characteristics of the oil were 
noted (Table I). 





TABLE I 

Physical and Chemical Characteristics of Horse Fat from Abdominal Cavity 
NE I as AoE i i Shee din ch brady Dew nbc 0.8695 
Ng Ee Ae Se Se ep mS ee 1.4613 
Sh Ae ey ee es eee 29.2 
ie A RE EES ESS A I, ar ey A Pe 36.6 
en ain wc ess « Oa cath aamikoe nerd 82.72 
Ts Saks tka cea Sesccdeses bas u ence deena 200.9 
TEE WN 6 rt hd dulined ded adsdicdessdcadbba 66.8 
si initiates Spada creampie dud aad cae 0.37 
edie chant ad ecaheap dens eigensdnateskines 0.80 
es  encoenvind 12.3 
Soluble acids (as butyric), per cent.....................-005: 0.18 
I MR, cow cncicwencdtcudelcacevcvedtucveus 93 .94 
ls Oh Se ID ON a ica is kas ince cee cnevedewds 39.8 
Saturated acids (corrected), per cent..................000055 30.78 
Unsaturated acids (corrected), per cent......................| 68.24 
Iodine No. of unsaturated acids (Hanus)....................| 139.0 
Saponification No. of unsaturated acids......................| 208.4 
Unsaponifiable matter, per cent..................000 beeen ee 0.38 








Saturated Acids—The very small amount of soluble acidic ma- 
terial recovered in the determination of the content of soluble 
acids and the low Reichert-Meissl number seemed to indicate that 
representatives of the C, to Cy groups of acids were, probably, 
either absent or, at most, present only in traces. Subsequent at- 
tempts to isolate and identify them in larger samples than those 
prescribed in this case for quantitative analysis proved futile. 
There was reason to suspect, however, that the Polenske number 
of 0.80 was indicative of the presence of acids of the Ci: to Cu 
groups. Experiment again contraindicated their presence. The 
line of attack follows. 
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Saturated acids were sharply separated (iodine number 2.6) 
from the unsaturated by the lead salt-alcohol procedure of Twit- 
chell as modified by Baughman and Jamieson (15). Esterification 
with methanol was followed by the separation of the whole into 
seven fractions of boiling range of 177-192° at 8 mm., the libera- 
tion of the fatty acids in each, and the determination of melting 
points and neutralization equivalents after repeated recrystalliza- 
tions from alcohol. From the first three fractions there were ob- 
tained acids melting at 59.8°, 61.6°, and 63.2°, respectively. The 
neutralization equivalent of the first was found to be 223.5. In- 
asmuch as the melting point of myristic acid is 53.2° and that of 
palmitic acid is 62.6°, and the neutralization equivalents are 246 
and 219, respectively, it would appear that myristic acid was not 
the cause of the Polenske number found and that it is not a con- 
stituent of horse fat. The search was, therefore, confined to 
stearic acid and its higher homologues. 

A fresh portion of the methyl esters of the saturated acids was 
separated into four fractions of boiling range of 155-185° at 5 mm. 
The mean molecular weights of the respective fractions as calcu- 
lated from saponification and iodine numbers—the latter serving 
as a basis for correcting for the presence of unsaturated acids— 
indicated the presence of acids in the Cy, to Cig groups. Further 
proof that only two acids are involved here was obtained from 
melting point data. The acid of Fraction I, after six recrystalliza- 
tions from ethanol, melted at 61.8-62.0°; similarly, that of the 
next fraction at 62.2°. The identity of the acid in the last frac- 
tions and residue was established as stearic, m.p. 69-69.4°. 

The quantitative significance of the foregoing data is that 
palmitic acid constitutes. 85.3 per cent of the saturated acids, or 
26.28 per cent of the oil. “Corresponding data for stearic acid are 
14.6 and 4.50 per cent, respectively. 

Unsaturated Acids—Identification of the unsaturated acids was 
effected by means of their bromo addition compounds and their 
separation by the use, in turn, of diethyl and petroleum ethers (16). 
The presence of representatives of three types of acids was indi- 
cated as follows: (1) linolenic acid from the corresponding, at 
—10°, ether-insoluble, hexabromo derivative (Br 63.05 per cent, 
calculated 63.32 per cent; m.p. 180.7°); (2) linoleic acid from its 
(hot) petroleum ether-soluble tetrabromo derivative (Br 53.5 per 
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cent, calculated 53.58 per cent; m.p. 114°); and (3) oleic acid, in 
the residual fraction, through its soluble dibromo derivative (Br 
36 per cent, calculated 36.18 per cent). 

The composition of this fraction, calculated by the mode of pro- 
cedure of Kaufmann (13) from iodine and thiocyanogen numbers of 
the oil, follows: oleic acid 46.86 per cent, linoleic acid 11.88 per 
cent, and linolenic acid 4.48 per cent. 


SUMMARY 


In the determination of the approximate composition and the 
important physical and chemical characteristics of the abdominal 
fat of the Western range horse, there have been added new data 
to those extant with respect to other fat depots of this animal. 
They have also been extended in the sense that the composition of 
this type of horse fat has not been heretofore reported. Inasmuch 
as the constants in question have been tabulated by Halden and 
Griin (17), it seems hardly necessary to repeat them here. 

The glycerides of this fat were found to contain five acids in the 
amounts indicated; viz., palmitic 26.28 per cent, stearic 4.50 per 
cent, oleic 46.86 per cent, linoleic 11.88 per cent, and linolenic 
4.48 per cent. Evidence as to the presence in horse fat of a 
heptadecylic acid has been heretofore contradictory (18, 19). 
None was found during the course of this investigation, which 
supports the proponents of that view (19). 

Whether environment, mode of existence, and nature of suste- 
nance exert a noticeable influence on the character of the fat of the 
Western range horse cannot be deduced from the foregoing be- 
cause of a lack of comparable data. 
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METABOLISM OF I- AND dl-CYSTINE IN GROWING DOGS 
MAINTAINED ON DIETS OF VARIOUS PROTEIN 
CONTENTS 


By JAKOB A. STEKOL 


(From the Department of Chemistry, Fordham University, New York) 
(Received for publication, September 6, 1934) 


In a previous communication it was shown that /-cystine sulfur, 
when fed to adult dogs maintained on a protein-free diet, is re- 
tained by the animals to the extent of 80 to 95 per cent. dl-Cys- 
tine, when fed in similar amounts to the same animals under 
identical conditions, was not equally well retained (1). In 
connection with the study of metabolism of amino acids in the 
growing dog, it seemed of interest to compare the fate of l- and dl- 
cystine in the adult dog maintained on a protein-free diet to the 
fate of these amino acids in the growing dog. Inasmuch as the 
state of the adult dog maintained on a protein-free diet is com- 
parable to a certain extent to the condition prevailing in a growing 
animal as regards the need for protein, it was anticipated that the 
metabolism of /- and dl-cystine in the adult dog maintained on a 
protein-free diet would be similar to the metabolism of these amino 
acids in the growing dog maintained on a low protein diet. It 
seemed reasonable to expect that feeding of dl-cystine to growing 
dogs maintained on a diet low in its sulfur content should produce 
only partial utilization of the sulfur of dl-cystine, particularly 
because d-cystine was shown to be incapable of stimulating growth 
(2) and is not apparently used by the animal to replace tissue waste 
(1). lCystine sulfur was expected to be retained by the growing 
dog receiving a diet low in sulfur. Should a diet prove to be ade- 
quate in its sulfur content to meet the requirements for growth 
and maintenance, no retention of either I- or dl-cystine sulfur was 
anticipated when these amino acids are fed to the growing dog. 
We were particularly interested to test the fate of sulfur-contain- 
ing amino acids in growing dogs maintained on Cowsgill’s (3) diet, 
inasmuch as several pups were raised to full maturity, receiving 
this diet throughout the entire period of growth (4). 
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EXPERIMENTAL 


Pups of 4 to 6 weeks of age were placed in individual metabolism 
cages and fed Cowgill’s diet (3), supplemented by 50 gm. of tomato 
juice and 3 cc. of cod liver oil per diem. In Table I the exact 
amount and kind of diet fed to the pups at the time of administra- 
tion of cystine are indicated. When Cowsgill’s diet was adminis- 
tered to pups throughout the entire period of growth, the amount 
of diet was adjusted with each increase in body weight so that the 
caloric intake, nitrogen, and sulfur per kilo of body weight re- 
mained the same. We fully realized that the need for food in 
general and protein in particular was not increasing in proportion 
to the gain in weight, especially at the age approaching maturity. 
No attempt to estimate the exact amount of food in general and 
protein in particular required by the growing dog at various ages 
is made in the present work. We preferred to feed the animals 
all they could consume in order to induce in our dogs maximum 
possible growth on the diet given and compare the metabolism of 
cystine in dogs maintained on diets containing various amounts 
of protein. We hoped, however, as will be stated later, to secure a 
method of approach to the problem of protein requirement in dogs 
maintained on diets containing casein as the sole protein. 

The composition of the diets was as follows: all diets contained 
11.6 parts of Squibb’s vitavose, 1.4 parts of salt mixture,! 2.7 
parts of bone ash, 7.0 parts of butter fat, and 17.0 parts of lard. 
The protein and sucrose contents of the diets were, however, differ- 
ent. Cowgill’s diet contained 43.7 parts of casein® and 40.6 parts 
of sucrose; Diet 109, 35.0 parts of casein and 49.3 parts of sucrose; 
Diet 105, 30.0 parts of casein and 54.3 parts of sucrose; Diet 111, 
26.3 parts of casein and 58.0 parts of sucrose; Diet 107, 23.2 parts 
of casein and 61.2 parts of sucrose; Diet 52, 20.0 parts of lactalbu- 
min’ and 64.3 parts of sucrose; and Diet 110, 19.0 parts of casein 
and 65.3 parts of sucrose. All diets yielded 484 calories per 100 
gm. of the mixture. The nitrogen and sulfur contents of the diets, 
as obtained directly on the mixture, were as follows: Cowgill’s, 


1 As used by Karr, W. G., J. Biol. Chem., 44, 255 (1920). 
2 Casein No. 453 purchased from The Casein Manufacturing Company 


of America, Inc. 
3 Lactalbumin No. 7HAA purchased from the National Milk Sugar 


Company, Ine. 
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4.84 per cent nitrogen and 0.25 per cent sulfur; Diet 109, 4.03 and 
0.198; Diet 105, 3.47 and 0.169; Diet 111, 3.02 and 0.146; Diet 107, 
2.68 and 0.130; Diet 52, 2.34 and 0.263; Diet 110, 2.18 and 0.106. 

The urine was collected daily and analyzed on the same day. 
The methods of analysis of urine were the same as used by us 
before (1, 5). Comparatively large volumes of urine excreted 
and frequent urination by the pups account, perhaps, for the in- 
significant variations in the composition of the urine from day to 
day, even though the urine was collected without catheterization. 
The food was fed in two equal portions twice a day at exactly the 
same time, 9 a.m.and12noon. The urine was collected at 9 a.m. 
Water was allowed ad libitum. 

The plan of the experiments was to feed Cowgill’s diet to the 
pups for several days and analyze the urine daily until the values 
of various urinary constituents showed little or no variation from 
day to day; to feed the compound mixed with food and collect 
the urine as before and then allow the pups to return to the original 
balance. In order to secure data on the metabolism of l- and dl- 
cystine in pups maintained on diets lower in sulfur content than 
that of Cowgill’s diet, the same pups were given diets which were 
identical with Cowgill’s diet in every respect except for their pro- 
tein content. This was adjusted to furnish approximately one- 
half the protein yielded by Cowgill’s diet per kilo of body weight 
of the pup. The pups were weighed at frequent intervals. The 
body weight changes of pups maintained on various diets will be 
discussed later. 

Using the same animal in comparing the metabolism of [- and 
dl-cystine on various diets rather than making comparisons of 
different animals seemed more reliable, particularly because our 
animals were mongrels and would present considerable individual 
variations. 

l-Cystine was prepared from human hair. dl-Cystine was pre- 
pared from /-cystine by the method of du Vigneaud, Dorfmann, 
and Loring (2). The purity of the compounds was checked by 
analysis. 


Results 


The results are presented in summarized form in Table I. 
Total nitrogen, creatine, and creatinine values did not show any 
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significant variations on the day of the feeding of cystine (with the 
exception of Pup 12 maintained on a low sulfur diet, to be dis- 
cussed later). For the sake of economy of space, the values for 
nitrogen, creatine, and creatinine were omitted. 


TABLE I 
Metabolism of l- and dl-Cystine in Growing Dogs 






































Intake per 
Excreted as P__ 
Fup Age | Cystine fed —' fs Diet per 24 hrs. 7 
Inor- 
sanic ~—. s | N 
days gm ee ee pad gm. mg. | gm. 
5 56 1-0.25 | 82 0 82 Cowgill 99.2 | 66 | 1.36 
5 62 “0.25 | 95 0 95 <3 99.2 | 66 | 1.36 
7 63 “0.25 | 70 0 70 . 62.0 | 62 | 1.41 
7 56 “0.25 | 88 0 88 as 62.0 | 62 | 1.41 
12 101 “0.25 | 88 0 88 - 88.6 | 55 | 1.10 
13 62 “ 0.25 | 89 0 89 4 74.0 | 90 | 1.80 
13 165 “0.5 81 0 81 ” 100.0 | 39 | 0.72 
12 121 a, 28 0 28 Diet 107 112.0 | 32 | 0.70 
12 125 “0.25 | 21 0 21 “ 107 | 112.0] 32 | 0.70 
12 128 “0.25 | 16 0 16 “ 107 | 112.0 | 32 | 0.70 
13 100 “0.5 32 0 32 - 99.2 | 39 | 0.82 
13 114 “0.4 42 0 42 “ 107 | 112.0 | 36 | 0.73 
13 115 “0.4 48 0 48 “ 107 | 112.0 | 36 | 0.73 
13 116 “0.4 42 0 42 “ 107 | 112.0| 36 | 0.73 
13 117 “0.4 32 0 32 “ 107 | 112.0 | 36 | 0.73 
12 lll | dl-0.5 42 | 18 60 “« 105 86.8 | 32 | 0.66 
12 114 * os 38 | 18 56 “ 105 86.8 | 32 | 0.66 
13 77 " £38 45 | 15 60 “« 109 74.4 | 45 | 0.94 
13 80 “84 53 | 14 67 “« 109 74.4 | 45 | 0.94 
13 88 “ 0.5 42 | 15 57 = ae 74.4 | 61 | 0.55 
13 91 “ 0.5 41 | 10 51 - 52 74.4 | 61 | 0.55 








Experiments with l-Cystine on Cowgill’s Diet—Table I shows the 
results of feeding l-cystine to four pups at various ages maintained 
on Cowgill’s diet. 70 to 95 per cent of the ingested /-cystine sulfur 
was excreted if the urine as inorganic sulfate on the day of feeding 
of l-cystine. Almost complete oxidation of l-cystine sulfur was 
observed in all pups, whether it was fed to a pup 2 or 6 months of 
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age. No effects on total nitrogen, creatine, or creatinine were 
observed on the day of administration of /-cystine to pups. 

Experiments with l-Cystine on Low Sulfur Diets—Table I shows 
the results of feeding /-cystine to two pups maintained on various 
diets low in sulfur. 52 to 84 per cent of the ingested /-cystine sul- 
fur was retained by the growing dog. These results are compar- 
able to those secured on adult dogs maintained on a protein-free 
diet (1). Pup 12, male, but not Pup 13, female, showed an un- 
mistakably greater retention of nitrogen on the day of administra- 
tion of l-cystine as indicated by a drop in the output of total 
nitrogen in the urine. Whereas on the days prior to cystine feed- 
ing the urinary nitrogen was 1.91 to 1.98 gm., on the day of feed- 
ing of 0.5 gm. of l-cystine the nitrogen output dropped to 1.32 to 
1.68 gm. The output of nitrogen returned to the original values 
immediately after the day of feeding cystine. Fecal nitrogen of 
Pups 12 and 13 remained constant throughout the feeding experi- 
ments. These findings are comparable to those of Lewis (6) on 
adult dogs maintained on low protein diets. Lewis observed that 
feeding of small amounts of /-cystine to adult dogs maintained on 
low protein diets produced a drop in the output of total nitrogen 
in the urine. 

In both pups, neither creatine nor creatinine was affected by the 
Leystine feeding. 

Experiments with dl-Cystine—Table I summarizes the results 
of feeding dl-cystine to the same pups maintained on low protein 
diets. 51 to 67 per cent of the ingested dl-cystine sulfur was ex- 
creted in the urine on the day of ingestion of dil-cystine. 10 to 18 
per cent of the administered dl-cystine sulfur appeared in the urine 
as neutral sulfur. NaCN-nitroprusside test on the urine was in- 
variably positive on the day of feeding of dl-cystine. No effects 
on any of the nitrogenous constituents which we have determined 
were observed. The results with dl-cystine are comparable to 
those obtained on rabbits (7) and on adult dogs (1). 


DISCUSSION 


The retention of l-cystine sulfur on diets other than Cowegill’s 
seems to indicate that these diets were not furnishing adequate 
amounts of sulfur to meet the requirements for growth in dogs. 
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Comparison of the rates of growth of the pups maintained on 
various diets reveals the following relationship between the pro- 
tein content of the diet and the rate of growth. All pups showed 
maximum rate of gain in weight while maintained on Cowgill’s 
diet. Pup 5, male, and Pup 7, female, (litter mates) when placed 
on Cowgill’s diet at the age of 56 days, gained in 41 days 2.13 and 
1.63 kilos respectively. Pup 12, male, was placed on Cowsgill’s 
diet at the age of 66 days. The pup gained 2.04 kilos in 40 days. 
Pup 13, female, was given Cowgill’s diet at the age of 33 days. 
The pup gained 1.61 kilos in 34 days. When Pup 12 was given 
diets (Nos. 105 and 107) which yielded approximately one-half the 
amount of protein per kilo of body weight furnished by Cowsgill’s 
diet, the pup gained only 0.92 kilo in 41 days. When placed back 
on Cowgill’s diet immediately after the low protein diets, the pup 
gained 2.4 kilos in 43 days. Pup 13, on low protein diets (Nos. 
52, 107, 110, 111), gained 1.0 kilo in 37 days. When returned to 
Cowgill’s diet immediately after the low protein diets, the pup 
gained 1.77 kilos in 31 days. The amount of food per kilo of body 
weight fed to the pups was practically the same throughout the 
experiments. 

These fluctuations in the rate of growth in the same animal main- 
tained on diets of various protein content, otherwise of similar 
composition, unmistakably indicate that the protein intake was 
influencing the rate of growth of the pups. No conclusions as 
regards the actual need for sulfur or protein in the growing dog are 
made at this time. The present work, however, offers another 
method of approach to the problem of minimum requirement for 
protein during growth. If the absence of retention of the extra 
ingested I-cystine sulfur indicates that the basal diet furnishes 
adequate amounts of the essential sulfur-containing amino acids, 
gradual reduction in the protein make-up of the basal diet, followed 
by feedings of l-cystine to the growing dog maintained on the 
modified diet, would eventually indicate the minimum of protein 
in the diet which does not cause the retention of the extra ingested 
l-cystine sulfur by the growing dog. And since sulfur-containing 
amino acids in casein were shown to be the limiting factor in the 
nutritive value of casein, the minimum requirement for sulfur in 
the form of casein may be interpreted to mean the minimum 
amount of casein required for normal growth in dogs. This 
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method of approach to the problem of the minimum requirement 
for protein in growing dogs we plan to use on pedigreed dogs. 

It is of interest to mention at this point that of all the amino 
acids fed to adult dogs maintained on a protein-free diet, the nitro- 
gen of only the essential amino acids seemed to be retained by the 
animals. The non-essential amino acid nitrogen was promptly 
excreted in the urine as urea (8). Corley et al. (9) seem to have 
obtained similar results. An analogous procedure as described 
above for ascertaining the minimum requirement for protein in 
growing dogs can also be applied to adult dogs in securing the 
minimum of protein necessary for maintenance on diets contain- 
ing a single protein with a well established limiting factor. 

Higher recovery of dl-cystine sulfur in the urine of pups which 
were fed low sulfur diets is in accord with the results secured on 
adult dogs (1) and rabbits (7). Since d-cystine is not utilized for 
growth by rats (2), our findings seem best to be explained, at least 
tentatively, as meaning that the growing dog is also incapable of 
using the d fraction of dl-cystine for the building up of new tissue. 
Lewis (6) has postulated that l-cystine causes a better utilization 
of the food nitrogen in adult dogs maintained on low protein diets. 
He also observed that the amount of nitrogen retained, upon the 
administration of l-cystine, varied with the breed of the experi- 
mental animal. Morgulis (10) has also suggested that the breed 
of the dog may be an important factor in the regulation of the sul- 
fur partition in the urine of the animal. Results obtained on Pup 
12 seem to support Lewis’ findings on adult dogs. The apparently 
discordant results secured on Pup 13 are perhaps due to the prob- 
able difference in the requirement for nitrogen in Pups 12 and 13. 

Experiments designed to compare the metabolism of other 
essential amino acids and non-essential amino acids in adult dogs 
and growing dogs will be reported at a later date. 


SUMMARY 


1, l- and dl-cystine were fed to growing dogs at various ages 
maintained on diets of various protein content. 

2. l-Cystine sulfur was practically completely oxidized and 
excreted as inorganic sulfate in the urine of pups maintained on 
Cowgill’s diet. A considerable portion of L-cystine sulfur was 
retained by all pups maintained on diets other than Cowgill’s. 
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3. dl-Cystine sulfur, when fed to pups on low protein diets was 
not as well retained as [-cystine sulfur. A considerable portion of 
dl-cystine sulfur appeared in the urine as neutral sulfur. 

4. A method of approach to the problem of the minimum re- 
quirement for protein for growth and maintenance of young dogs 
and for maintenance of adult dogs is discussed. 
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TIONS IN THE CYSTINE CONTENT OF THE DIET ON 
THE COMPOSITION OF THE TISSUE PROTEINS 
OF THE WHITE RAT 


By WILLIAM C. LEE anp HOWARD B. LEWIS 


(From the Department of Physiological Chemistry, Medical School, University 
of Michigan, Ann Arbor) 


(Received for publication, August 15, 1934) 


While certain investigators have maintained that the composi- 
tion of the proteins of the tissues is influenced by the state of 
nutrition of the organism, others have concluded that marked 
variations from the normal dietary do not alter significantly the 
chemical constitution of these proteins. The greater part of the 
evidence is indirect, based upon studies of the urinary N:S ratios, 
upon balance studies of these two elements, and upon analyses of 
the entire body or of certain individual tissues under varying con- 
ditions of nutrition. Separation and analyses of the tissue proteins 
themselves have seldom been attempted. The earlier literature 
is well summarized by Cathcart (1). 

Di Frisco (2), who found that the N:S ratio of the entire body 
of the white rat was not changed after fasting or after maintenance 
on a diet low in sulfur (starch or starch and gelatin), concluded 
that the tissue proteins are constant in composition, unaffected by 
the diet. No relationship between the proteins of the egg and the 
diet of the hen was evident (3, 4), although certain earlier work had 
indicated variations in the proteins of the egg white of pigeons, 
associated with dietary differences (5, 6). In a series of recent 
papers (7), Schenck and Wollschitt have studied the influence of 
age, diet, and the ingestion of hormones and toxic substances on 
the composition of tissue proteins of the white rat and have con- 
cluded that these factors influence the constitution of the proteins 
of the tissues. Cystine and tryptophane in particular are con- 
sidered to be subject to variation. After fasting, the tryptophane 
contents of the proteins of liver and of muscle were decreased, 
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while a slight but definite increase in the cystine content of the 
muscle protein was observed. 

In view of the indispensability of certain amino acids, it ap- 
peared probable that, if the fasting organism did draw upon the 
proteins of certain tissues for one or more amino acids, the essential 
amino acids would be the first units to be removed from the mole- 
cule. If partial cleavage of the molecule to yield these acids could 
be effected, the changes should be apparent upon analysis of the 
tissue protein in question. Thus, if cystine were split from the 
protein molecule, the percentages of both cystine and sulfur should 
be lowered, while the N:S ratio should increase. Moreover, since 
cystine is required by the young white rat for growth, it seemed 
possible that lack of an adequate supply of cystine over a consider- 
able period of time might result in some alteration in the composi- 
tion of the tissue proteins. It should also be possible to determine 
whether the growing rat receiving a considerable excess of cystine 
in the diet stores in its tissues an appreciable amount of the in- 
gested amino acid, either as the free acid itself, or as protein with a 
cystine content higher than normal. The purpose of the present 
study is to present analyses of the tissue proteins (liver, muscle, 
kidney) from white rats, which had been fasted, refed, or fed for 
prolonged periods on diets high or low in their content of cystine. 
No evidence of any significant alteration of the constitution of the 
tissue proteins was obtained. 


EXPERIMENTAL 


Five series of experiments were carried out with adult male 
rats, 175 to 275 gm. in weight. In each series the animals were 
placed in individual cages and supplied with a diet of purified food 
substances, complete in all factors, for at least a week. They were 
then divided into three groups, the first of which continued to 
receive the diet. The second group was fasted for 48 or 72 hours, 
while the third group, after a fasting period ef 48 hours, was 
allowed to consume the control diet at will for 24 hours. The 
animals were killed and the tissues analyzed at the end of the 
experimental periods indicated and the groups are designated as 
the normal, fasted, and refed groups, respectively. A somewhat 
similar experiment was carried out with a litter of ten young rats, 
but the influence of refeeding subsequent to fasting was not 
determined. 
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The basal diet used in our experiments was the cystine-deficient 
diet described by du Vigneaud and his coworkers (8) as follows: 
casein, 8 per cent; white dextrin, 31 per cent; Osborne-Mendel salt 
mixture, 4 per cent; agar, 2 per cent; lard, 19 per cent; cod liver 
oil, 5 per cent; and milk vitamin concentrate,' 16 per cent. In 
the experiments described above, this was supplemented by the 
addition of cystine in amounts adequate to insure normal main- 
tenance and growth (0.4 to 1.0 per cent). 

Two paired feeding experiments were made with young rats. 
In one of these litter mates were used; in the other, the animals 
were selected from three litters of approximately the same age. 
The usual procedure was followed, the animals being paired so far 
as possible as to sex and weight. One animal of each pair was 
allowed to consume the basal diet described above without any 
cystine supplement, at will, while its control received the same 
amount of the basal diet supplemented by adequate cystine (0.4 or 
0.75 per cent). The experiments continued for 3 and 2 months 
respectively and were terminated by killing the animals and 
analyses of the tissues. In all experiments, daily records of food 
intake and weight were made. 

For the analyses of the tissues the animals were killed with 
chloroform and the tissues removed as rapidly as possible. The 
liver and kidneys were cut into small pieces with scissors before 
analysis, while the muscle tissue was ground in a small meat 
chopper prior to sampling. The amount of kidney and muscle 
(hind and fore limbs) was so small that it was frequently necessary 
to combine the tissues of two animals for the analyses, particu- 
larly in the paired feeding experiments. It was usually possible 
to analyze each liver separately. 

Moisture was determined by the method recommended by 
Puckett and Wiley (9), the dried samples being subsequently 
ashed in a muffle furnace. Total nitrogen was determined by the 
usual modified Kjeldahl method and total sulfur by wet ashing 
with concentrated nitric acid followed by the usual oxidation with 
the Denis reagent. 

The protein content of the tissue was Atsntend by the method 


1 The vitamin concentrate was generously supplied by Dr. G. C. Supplee 
of the Research Laboratories of the Dry Milk Company, before the product 
was available commercially. 
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of Janney (10). The combined alcohol-water extract, obtained 
from the coagulation and extraction of each protein sample in the 
Janney procedure, was subsequently evaporated to a volume of 
100 ce. and aliquot portions were analyzed for total nitrogen and 
sulfur by the methods employed with the fresh tissues. 

The proteins obtained by the Janney procedure from each tissue 
from the rats of identical experimental groups were combined for 
the protein analyses. Total nitrogen and sulfur were determined 
by the methods already stated. In some cases, however, the 
amount of protein available for analysis was so small that the 
micro-Kjeldahl method of Pregl was substituted in the determina- 
tion of total nitrogen. Cystine, tyrosine, and tryptophane? were 
determined colorimetrically by the methods of Folin and Marenzi 
(11, 13). Labile sulfur was estimated by the method of Zahnd 
and Clarke (14). Moisture and ash were determined by drying 
the samples to constant weight at 100—105° followed by ashing in 
a muffle furnace. In a few cases moisture and ash were estimated 
by the micromethods of Pregl. 


DISCUSSION 


The result obtained with adult rats are presented in summarized 
form in Tables I and II. Similar values were obtained in experi- 
ments with well fed and fasted young rats; but since these studies 
were less extensive, owing to the fact that with smaller animals 
the amount of material available for analysis was limited, and 
since the results were essentially confirmatory of the experiments 
with adult animals, the data are not presented in detail. 

The data obtained for muscle and kidney afford no evidence in 
support of the theory that nutritive conditions influence the com- 
position of the tissue proteins. The percentages of protein in 
muscle (Table I) were essentially the same as those reported by 
Schenck and Wollschitt (7), although these workers interpret their 
results as indicating a slight decrease in the protein content of the 
muscle in fasting. Contrary also to the findings of the German 
investigators (7), no alterations in the cystine and tryptophane 


2 In the calculation of the tryptophane content of the proteins, the factor 
0.843 was used as the divisor not as the multiplier. This error in the cal- 
culation of the paper of Folin and Marenzi (11) has recently been pointed 
out by von Desedé (12). 
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contents of the muscle proteins were observed in fasting (Table II). 
It will be noted that the labile sulfur fraction of the muscle pro- 
teins was slightly less than the cystine sulfur. In the analyses of 
various proteins reported by Zahnd and Clarke (14), the labile 
sulfur values were greater or approximately equal to the cystine 
sulfur. Whether this difference in the relationship between cys- 
tine sulfur and labile sulfur is related to the chemical structure and 
composition of the proteins of muscle or to some factor of tech- 


TaBLe [| 


Analysis of Fresh Tissue and Tissue Extracts of Adult Rats under Varying 
Conditions of Nutrition 











Fresh tissue Extract* 

Tissue el|Zzla : zla 
3 o|3|« 3] 
E & : Z\z|2 : 2 Zz 

per | per | per per | per | per | per 

cent | cent | cent t | cent | cent | cent 
Group I. Normal | Liver 22.0) 2.8/0. 23)12.2/70.2)1.29/0.27/0.05) 5.4 
diet, 14 rats Muscle /19.2) 3.4/0.24/14. 1/73.5)1.23/0.42/0.06} 7.0 
Kidneyt |17.5) 2.9/0.25)11.6 '0.33/0.06) 5.5 
Group II. Fasted, | Liver 21.6) 3.5/0. 26)13.4/71.0)1.40/0.28/0.05) 5.6 
16 rats Muscle /19.6| 3.5)0.25)/14.0/72.9)1.22/0.49/0.07| 7.0 
Kidneyt |17.6} 3.1/0.24/12.9 10.37|0.05) 7.4 
Group III. Fasted | Liver 22.1) 2.6/0.22)11.8/69.8/1.19/0.27/0.08) 3.4 
and refed, 14 rats | Muscle /19.3| 3.4/0.25)13.6/73.7/1.19]0.41/0.07| 5.9 
Kidneyt |17.3) 3.0)0.25)12.0 0.35)0.07| 5.0 



































* Total nitrogen and sulfur of the extract are calculated as percentages 
of the original tissue. See text for the preparation of the extract. 

+ The values for nitrogen and sulfur of the kidney are the averages of 
analyses from eight animals. 


nique cannot be stated. The same relationship was observed in 
the experiments with young rats to be discussed later (Table IV). 

The most striking change observed in the analyses of the liver is 
the marked increase in total nitrogen (approximately 23 per cent) 
in fasting animals. Smaller increases in the values for total sulfur 
were noted. These changes, although less marked than the 
changes in total nitrogen, were obtained so consistently that we 
believe that they are beyond the range of experimental error. A 
similar increase in total nitrogen of the liver in fasting has been 
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reported previously (15, 16). We have not observed the diminu- 
tion in the water content of the fasting liver reported by Dittmar 
(16), our results which indicated no change being confirmatory of 
the observations of Puckett and Wiley (9). 

Analysis of the liver proteins revealed exceptionally low values 
for total nitrogen and sulfur in the normal and refed groups, while 











TaBLe II 
Composition of Proteins of Tissues of Adult Rats under Varying Nutritive 
Conditions 

All values are calculated on an ash-free, moisture-free basis. 

om | S25 
Nutrition | Souegct | Teal | Teal! wis | Ce | tine | Sot | Tre | Mr 

8 
per | per | | per | per | per | per | per 
cent cent cent | cent cent cent | cent 
Normal Liver 13.3 | 0.76) 17.5) 1.56) 0.42) 55.3 | 3.78) 1.37 
Muscle | 16.1 | 0.98) 16.4) 1.15) 0.31) 31.6*| 4.49) 1.14 
Kidney | 15.8 | 1.04) 15.2) 1.79) 0.48) 46.2 | 4.74) 1.66 
Fasting Liver 16.0 | 0.96) 16.6) 1.88) 0.50) 52.1 | 4.63) 1.73 
Muscle 16.2 | 0.99) 16.3) 1.11) 0.30) 30.3*| 4.47) 1.16 
Kidney | 15.8 | 1.01) 15.6) 1.81) 0.48) 47.5 | 4.64) 1.65 
Fasting and| Liver 13.1 | 0.74) 17.8) 1.56) 0.42) 56.7 | 3.86) 1.29 
refeeding Muscle | 16.0 | 0.97) 16.5) 1.12) 0.30) 30.9*| 4.32) 1.20 
Kidney | 16.0 | 1.04) 15.4) 1.93) 0.52) 50.0 | 4.88) 1.64 
Normal Livert 14.49) 0.93) 15.5) 1.56) 0.42) 45.1 | 4.34) 1.39 
Fasting ah 15.93) 1.01) 15.7| 1.66) 0.44) 43.5 | 4.86) 1.51 
































* Labile sulfur (as determined by the method of Zahnd and Clarke (14)) 
comprised 25.5, 25.3, and 26.8 per cent of the total sulfur of the muscle 
proteins under conditions of normal nutrition, fasting, and fasting and 
refeeding respectively. 

+ These values were obtained on the analysis of liver protein prepared 
by the Janney procedure and specially treated to insure extraction of non- 
protein material as described in the text. 


the figures for the fasted group were essentially the same as those 
obtained for muscle protein. These low values suggested that the 
method of extraction used, which Janney (10) applied only to 
muscle tissue, was inadequate for the complete removal of glyco- 
gen and other substances soluble in hot alcohol and water from 
liver tissue. The livers of the fasting animals presumably would 
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have already lost a considerable part of these extractable materials 
in the course of fasting. Therefore, all the samples of liver protein 
as obtained by the Janney procedure were finely pulverized and 
extracted with boiling water until the extracts were completely 
free from opalescence, followed by the usual 18 hour extraction 
with alcohol. The aqueous extracts obtained from the proteins 
of the normal and refed rats gave strongly positive tests for glyco- 
gen, while those of the proteins of fasted animals were negative. 
The figures obtained in the analysis of the reextracted proteins* 
are shown in Table II. The analyses of the liver protein of the 
fasted group were still higher than those of the normal and refed 
groups, in spite of the prolonged reextraction. The values for the 
normal and refed animals check within the limits of experimental 
error. The total nitrogen content of the protein of the fasted 
group was approximately 20 per cent higher than that of the well 
fed group; total sulfur, cystine, tyrosine, and tryptophane were 
likewise higher, to the extent of approximately 26, 20, 22, and 26 
per cent respectively ; 7.e., the percentage contents of each of these 
constituents of liver protein in fasting were increased to approxi- 
mately the same extent. It would appear from this observation 
either that the Janney procedure is inadequate for the purification 
of liver protein, or that the protein in the tissue of the well fed 
animal is bound to some non-protein prosthetic group, which is 
split from the molecule in the course of fasting, the protein itself 
undergoing no change. 

That the former explanation is probably correct was shown in an 
experiment in which six well fed and an equal number of fasted 
adult rats were used. The animals were anesthetized with chloro- 
form, suspended, and decapitated in order to allow as much blood 
as possible to drain from the body. The livers were then removed 
and sliced into hot alcohol, and the tissue was thoroughly ground 
inamortar. This was followed by repeated extraction with boil- 
ing water, until the filtrates were no longer opalescent, after which 
the usual extraction with 95 per cent and absolute alcohol was car- 


*On similar extraction of the muscle proteins, no glycogen tests were 
obtained in the extracts and the proteins gave essentially the same results 
on analysis as before extraction. Values in Table II for muscle and kidney 
protein are the values obtained on analysis of the protein as extracted in the 
original procedure of Janney. 
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ried out. The proteins were then dried, pulverized finely, and 
subjected to the same extraction process as the fresh tissue. This 
was repeated once more, after which the protein samples from the 
two groups were analyzed. The results are shown in the last two 
sections of Table II. Although the values for liver protein after 
fasting were somewhat higher than those of the protein after feed- 
ing, the differences were considerably less than those obtained in 
the previous experiments and suggest that still further purification 
might have resulted in the elimination of these differences. 


TaBLe III 


Analysis of Fresh Tissue and Tissue Extracts of Young Growing Rats Main- 
tained upon Diets Varying in Content of Cystine 


Each group comprised nine rats. 





Fresh tissue Extract* 





Tissue 
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per| =| per 


per 
cent | cent | cent cent | cent | cent 
































Group I. Cystine- | Liver 21.1) 2.9)0.20)14.5/70.9)1.34/0.33/0.04) 8.3 
deficient diet Muscle /17.8) 3.2/0.21/15.2)71.3/1.18/0.39/0.05) 7.8 
Kidney |17.6) 2.9/0.21/13.8 0. 42/0 .08) 5.3 

Group II.¢ Cystine-| Liver 22.3) 2.9/0.22)13.1/70.4)/1.35/0.30)/0.08) 4.1 
supplemented diet | Muscle /18.3) 3.3/0.25/13.2/71.3/1.14/0.41/0.11) 3.7 
Kidney /16.8) 2.9)0.25/11.6 0. 42/0. 15) 2.8 





* Total nitrogen and sulfur of the extract are calculated as percentages 
of the original tissue. See text for the preparation of the extract. 

¢ Each animal of Group II was paired as to food consumption with the 
corresponding animal of Group I. 


Although the evidence is not entirely convincing in the case 
of liver protein, it appears that fasting does not alter to any 
appreciable extent the composition of the proteins of muscle, kid- 
ney, and liver tissue of the white rat. A more detailed investiga- 
tion of the proteins of the liver is planned. 

The results obtained in two series in which young rats were 
maintained on cystine-deficient and cystine-supplemented diets by 
the paired feeding methods are presented in Tables III and IV. 
In all cases, the growth made by the animal receiving the cystine- 
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supplemented diet was satisfactory and distinctly better than the 
growth of its paired control fed a diet deficient in cystine. Weekly 
increases in weight of typical pairs were 2.7 and 5.2, 2.6 and 4.8, 
2.5 and 5.2, 3.0 and 7.3 gm. respectively. 

The most striking difference in the composition of fresh muscle 
was the higher sulfur content of this tissue of the rats receiving 
the cystine supplement with a correspondingly lower N:S ratio. 
The explanation for this appears to lie in the presence of sulfur in 
non-protein form since the sulfur content of the extracts of the 
muscle from the same animals was also high. This suggests a 


Taste IV 


Analyses of Proteins of Tissues of Young Growing Rats Maintained upon 
Diets Varying in Content of Cystine 
All values are calculated on an ash-free, moisture-free basis. 








Cys- | 
Cc i T 
Nutrition Souresct | Tegal) Teall wis | Gye] tine | 8 of | Tyre i, 
8 

“per | per | | per | per | per | per | per 
cent | cent cent | cent | cent | cent | cent 
Cystine-deficient | Liver 13.7) 0.81) 16.9) 1.54) 0.41/50.6 | 4.40) 1.37 
diet Muscle | 16.2) 0.92) 17.6) 1.10) 0.29/31.5*) 4.59) 1.31 


Kidney | 16.2 
Cystine-supple- | Liver 13.2) 0.76) 17.4) 1.62) 0.43/56.6 | 4.03) 1.31 

mented diet Muscle | 16.2) 0.88) 18.3) 1.15) 0.31/35.2*| 4.46) 1.25 
Kidney | 16.5 
































* Labile sulfur (14) comprised 29.3 and 30.7 per cent of the total sulfur of 
the muscle proteins under conditions of the absence and presence of ade- 
quate amounts of dietary cystine respectively. 


temporary storage of cystine or some other form of non-protein 
sulfur in the tissue. Similar differences in the sulfur contents of 
other tissues of the two groups are apparent. The cystine content 
of the muscle proteins was, however, essentially the same in the 
two groups. In fact, no significant differences in any of the con- 
stituents of the protein molecule studied could be observed in the 
two groups. It appears, therefore, that the absence of cystine 
from the diet in amounts adequate to promote normal growth did 
not affect the composition of the protein. 

The analyses of the liver were subject to the difficulties discussed 
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in connection with the experiments with adult rats. Within these 
limitations, it appears probable that the constitution of the pro- 
teins of the liver was not altered by deficiency of the dietary supply 
of cystine. 


SUMMARY 


1. Analyses of fresh muscle, liver, and kidney tissue and of the 
proteins prepared from these tissues have been made in a series of 
experiments with young and adult white rats under varying 
conditions of nutrition. 

2. Neither fasting (48 to 72 hours) nor refeeding subsequent to 
fasting resulted in any significant changes in the composition of 
muscle and kidney of growing or adult rats or of the proteins of 
these tissues (nitrogen, sulfur, labile sulfur (determined in muscle 
proteins only), tyrosine, cystine, tryptophane). The percentages 
of total nitrogen and sulfur of the livers increased considerably 
after fasting, but it was not possible to correlate these changes 
with any alteration in the composition of the proteins of the liver. 

3. The sulfur content of all the tissues analyzed was higher in 
young rats receiving an adequate supply of dietary cystine than 
in control animals receiving a diet deficient in cystine. No sig- 
nificant differences in the composition of the proteins prepared 
from these tissues were observed in the two dietary groups. Evi- 
dence is presented that the higher sulfur content of the tissues of 
animals receiving adequate dietary cystine was due to the presence 
of a larger amount of non-protein sulfur. Whether this sulfur was 
in the form of cystine or some other non-protein sulfur compound 
was not determined. 

4. The data presented offer no evidence in support of the theory 
that the composition of the tissue proteins is influenced by dietary 
factors as maintained by Schenck and Wollschitt (7). 
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QUANTITATIVE STUDIES OF THE COMPOSITION OF 
GLOMERULAR URINE 


XII. THE CONCENTRATION OF CHLORIDE IN GLOMERULAR 
URINE OF FROGS AND NECTURI* 


By B. B. WESTFALL, THOMAS FINDLEY, anv A. N. RICHARDS 


(From the Laboratory of Pharmacology, University of Pennsylvania, 
Philadelphia) 


(Received for publication, August 13, 1934) 


Reports have been published of three attempts to determine 
quantitatively the concentration of chloride in glomerular urine 
from frogs. In the first, Wearn and Richards (1), using the 
nephelometric method, obtained values significantly higher than 
those of plasma. In the second, by the same method (Freeman, 
Livingston, and Richards (2)), perfusion experiments indicated 
approximate identity of chloride concentration in perfusion fluid 
and glomerular fluid, and in plasma and glomerular urine in half 
of the experiments on living frogs. The third series was by Eke- 
horn (3) and contained the results of five experiments in each of 
which the chloride concentrations of plasma and glomerular urine 
were the same. Other studies of glomerular urine made in this 
laboratory before the publication of Ekehorn’s results (dyes (4), 
total molecular concentration (5), electrical conductivity (6), urea 
(7)) gave strong reason for belief in the correctness of his work. 

Desiring to get more data on this question and also to extend 
the study to the behavior of chlorides in the renal tubule, at the 
same time being doubtful of the reliability of the nephelometric 
method in this connection and deterred from undertaking Eke- 
horn’s method because of its apparent difficulty, we made an 


* The expenses of this investigation have been defrayed in large part 
from a grant by the Commonwealth Fund. Reported in part before the 
Physiological Society of Philadelphia on November 21, 1932 (Westfall, B. 
B., and Richards, A. N., Am. J. Med. Sc., 185, 148 (1933)). 
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effort to find a colorimetric method for chlorides which could be 
adapted to the requirements of the problem. The effort resulted 
in the discovery of a modification of Isaacs’ method (8) which so 
greatly increased its sensitiveness that the adaptation necessary 
for the analysis of fractions of a c.mm. of fluid was relatively easily 
accomplished. The present paper describes the ultramicro- 
method, gives evidence concerning its accuracy, and contains a 
summary of results which, in confirmation of Ekehorn, show ap- 
proximate identity of chloride concentration of glomerular urine 
and blood plasma in frogs and Necturi. 


Analytical Method 


Development—lIsaacs’ colorimetric method for the quantitative 
estimation of chloride is based upon the reaction which occurs 
when dry silver chromate is added to a solution of alkali chloride; 
the Cl is quantitatively precipitated as AgCl, an equivalent 
amount of alkali chromate replaces it in solution and this is deter- 
mined by comparing with a standard chromate solution. 

The intensities of color in this method and in two modifications 
of it (Dupray (9) and Yoshimatsu (10)) are relatively low. But if 
the chromate filtrate obtained in Isaacs’ method is treated with 
Cazeneuve’s reagent (11), sym.-diphenylearbazide, a purple-red 
color develops, sufficiently stable for colorimetry and nearly 100 
times as intense as that of the chromate.' When an acetic acid- 
alcohol solution of the reagent is used in the proportions given 
below, maximum color develops in 3 minutes, persists for about 3 
minutes, then fades to the extent of about 5 per cent in 30 minutes. 
If a watery solution is used as was done by Evans (13) in the de- 
termination of chromium in steel, maximal color persists longer 
but has the disadvantage of requiring longer time for its de- 
velopment. 

Folin-Wu plasma filtrates (14) cannot be analyzed by this 
method because of a reaction between tungstic acid and the 
diphenylearbazide reagent. Hence we have substituted the 
ZnSO.-NaOH procedure of the Hagedorn-Jensen sugar method 
(15). 


1Emich (12) mentions this reaction as a qualitative microtest for 
chloride. 
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Uric acid in concentration above 20 mg. per cent interferes with 
the accuracy of the method. It can be removed almost completely 
by Zn(OH)2. Phosphates do not interfere (Isaacs) ; oxalates, only 
when present in concentrations higher than are encountered in 
physiological or clinical experimentation. 

A macromethod based upon the above reactions was designed 
and exhaustively tested, not only by analyzing solutions of pure 
NaCl and dialyzed serum to which NaCl had been added but also, 
in comparison with Whitehorn’s method (16), by analysis of 
normal human serum and human and dog urine. The results 
being satisfactory, the ultramicroadaptation described below was 
developed. 

Reagents 

1. Potassium chromate standards. 3.321 gm. of dry K,CrO, 
(Merck’s Reagent), corresponding to 2.00 gm. of NaCl, are dis- 
solved in water and made up to 1 liter. By dilution of this, stand- 
ards are prepared which correspond to the range 0.01 to 0.07 
per cent NaCl at 2.5 mg. intervals. 

2. Powdered silver chromate. Prepared from Merck’s Reagent 
chemicals according to the directions of Isaacs (8), kept in a desic- 
eator, protected from light. 

3. sym.-Diphenylearbazide reagent. 0.5 gm. of the Eastman 
Kodak Company’s product is dissolved in 70 ec. of 95 per cent 
alcohol, 25 cc. of Baker’s c.P. glacial acetic acid added, and the 
mixture made up to 100 cc. with water. The reagent is stable at 
20° for 3 hours, but develops color at higher temperatures or on 
longer standing. 

4. 0.1 Nn NaOH. 

5. Zine sulfate solution, 0.64 per cent (ZnSO,-7H,O), prepared 
from Baker’s Analyzed ZnSO,, freed from excess acid by three 
recrystallizations from water. 

Procedures—The method gives accurate results when applied to 
as little as 0.2 to 0.3 c.mm. of fluid, the NaCl concentration of 
which lies between 0.1 and 0.7 per cent. If the concentration is 
less than 0.1 per cent, the initial dilution (see second paragraph 
below) is decreased; if higher than 0.7, it is increased. 

All fluids are measured and the reactions and the color compari- 
sons are conducted in capillary tubes according to the technique 
described by Richards, Bordley, and Walker (17). A supply of 
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capillary tubing of uniform caliber is necessary.2 That designated 
as “large’’ is 0.6 mm. inside diameter; “‘small,’’0.35mm. In mak- 
ing the initial dilution and again in introducing the diphenyl- 
carbazide reagent into the capillary reaction tube, it is necessary 
to measure columns of fluid which are longer than the diameter of 
the field of the microscope. This is accomplished with the aid of 
a 15 cm. steel rule, graduated in 0.5 mm., mounted on the 
stage of the microscope. One meniscus is read with the micro- 
scope; the other with a small hand lens. 

Analysis of Watery Solutions—Attach a piece of small capillary 
tubing, 10 to 12 cm. long, to the water manipulator by means of 
the water seal, force water into it to fill nearly half its length, 
adjust so that the open end is in the microscopic field over the zero 
mark of the stage micrometer and adjacent to the zero of the steel 
rule. With a capillary pipette introduce a column of the fluid to 
be analyzed, 2.0 or 3.0 mm. in length. Measure the length accu- 
rately, then, with another pipette introduce 9 volumes of water. 
Draw the fluid in 2 cm. from the open end, break off the portion of 
the tube containing it, seal both ends in the flame, and mix thor- 
oughly by eight brief centrifugations, reversing the tube in the 
centrifuge after each one. 

Prepare a piece of large capillary tubing about 6 em. long with 
one end sealed in the flame. Introduce into it a few grains of dry 
silver chromate and by gentle tapping of the tube get this down 
to the closed end. Be sure that no AgeCrO, remains sticking to 
the inner wall near the open end; if necessary cut off a little of the 
tube. 

Cut off the end of the first tube above the column of diluted 
fluid in it which is to be analyzed, insert the open end into the 
AgeCrO, tube so that it projects into it for about 1 cm., and fasten 
the two tubes together with a ring of deKhotinsky cement. Place 
in the centrifuge with the larger tube down and spin for a moment 
so that the fluid in the small tube is driven down into contact with 
the AgeCrO, in the large. Remove from the centrifuge, warm the 
cement, withdraw and discard the smaller tube, cut away any of 
the large tubing to which cement is adhering, then seal the open 
end of the large tube in the flame. By eight successive centrifuga- 


? Obtained from the International Resistance Company, 21st and Arch 
Streets, Philadelphia. 
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tions drive the solid AgsCrO, back and forth through the fluid. 
Continue the last centrifugation for 5 minutes. 

Make a pipette of small capillary tubing and draw into it the 
supernatant fluid from the AgsCrO, tube. Seal the larger end of 
the pipette, drive the fluid into this end by centrifuging, and 
continue the centrifugation for 5 minutes. Examine the tube 
under the microscope (magnification 50 times) to be sure that the 
fluid is completely free from particles of AgeCrO,. If not free, 
transfer to another small capillary pipette and centrifuge again. 
This “chromate fluid’? now contains chromate in concentration 
equivalent to the Cl concentration of the diluted solution to be 
analyzed. 

Attach a new piece of small capillary tubing, 10 to 12 cm. long, 
to the water manipulator by the water seal with its open end 
under the microscope. Introduce a column of the chromate 
fluid 2.0 mm. in length, measure it accurately, and draw it in at 
least 2 em. from the end of the tube. Introduce a column of the 
diphenylearbazide reagent, in length 14 times that of the chromate 
fluid. Draw both columns in 2 cm., break off the portion of the 
tube containing them, seal the ends, and place in the centrifuge 
with the chromate fluid uppermost. 

Into each of three test-tubes measure 4.2 cc. of the diphenyl- 
carbazide reagent. Start the centrifuge containing the capillary 
tube and as quickly as possible measure into the test-tubes 0.3 cc. 
of each of three standard chromate solutions, previously selected 
to cover the range of chloride concentrations in which the unknown 
solution is supposed to lie. 

The capillary tube is centrifuged eight times, its position being 
reversed after each centrifugation. 

A piece of capillary tubing of the same diameter as that contain- 
ing the unknown and at least 3 cm. long is filled from each test- 
tube and the ends closed with plasticine. The color of the fluid 
in the tube of unknown is compared with those of the standards 
on a milk glass plate under Daylite electric bulbs. 

The result obtained from the above procedure gives a first ap- 
proximation to the true chloride concentration of the fluid being 
analyzed. One or two repetitions with fresh portions of the 
chromate filtrate may be necessary in order that the final color 
comparison of the unknown may be made with color mixtures 
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prepared from standards which differ from each other by the 
equivalent of 1.25 mg. of NaCl per 100 cc. Differences within this 
figure are estimated.’ 

Analysis of Plasma—A piece of the large capillary tubing, 10 
to 12 cm. long, is attached to the water manipulator by the water 
seal with the open end under the microscope. A column of 
plasma, 3.0 mm. in length, is introduced from a capillary pipette 
and drawn in 1 em. from theend. This is followed by 6.0 mm. of 
0.1 Nn NaOH and this in turn by 2.1 cm. of ZnSO, solution. After 
drawing the three columns in so that the outer meniscus of the last 
is at least 2 cm. from the end of the tube, the portion of the tube 
containing them is broken off, sealed in the flame at both ends, 
placed in the centrifuge with the plasma column uppermost, and 
the fluids mixed by four centrifugations. The tube is then im- 
mersed in water at 90-95° for 30 seconds and centrifuged once more 
for 5 minutes. The end of the tube above the fluid is cut off first, 
then the part of the tube containing the protein precipitate. The 
clear protein-free fluid is drawn into a pipette made from small 
capillary tubing and transferred into a large capillary tube con- 
taining dry AgsCrO, as described (p. 664). Subsequent steps are 
the same as have been described. 

The Zn(OH): precipitation must be applied to glomerular urine 
when this contains significant quantities either of protein or of 
uric acid. 

Despite the exceedingly small amounts of chloride determined 
by the above procedure, no precautions other than those observed 
in macromethods need be taken with respect to purity of water 
and reagents. The precautions outlined by Richards, Bordley, 
and Walker concerning evaporation must be scrupulously followed. 
In addition, it is particularly important that no particle of AgeCr0, 
on the inner wall of the tube containing it be heated in the flame 


* The solubility of AgsCrO, in water at 25° is equivalent to 11.1 mg. of 
NaCl per liter; in the presence of sodium chromate it is considerably less. 
In the analyses of plasma and glomerular urine obtained in a single experi- 
ment the magnitude of errors from this source must have been the same 
and, since it is the comparison of Cl concentrations in which we are inter- 
ested, they have been disregarded. In the control analyses, however, made 
to establish the accuracy of the method, this source of error was eliminated 
by making the chromate standards from appropriate NaCl-Ag:Cr0, 
mixtures. 
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and that no suspended Ag.CrO, remain in the fluid which is to be 
mixed with the diphenylearbazide reagent.‘ 

Results with Known Solutions—Many tests of the method have 
been made by analyzing watery solutions of pure NaCl. The con- 
centrations of these ranged from 0.3 to 0.7 per cent; volumes taken, 
from 0.16 to0.5¢.mm. The true concentrations were not known 
to the analyst until after the completion of his work. In many 
instances all of the procedures involved in the analysis of glomeru- 
lar urine, with the exception of collection from a living animal, 
were carried through. That is, 0.5 to 1.0 c.mm. of the solution 
was taken from a large container into a quartz collecting pipette, 
delivered under oil into a small capillary tube from which the 
volume required for analysis was withdrawn. The following is a 
summary of the results of 60 such analyses, twenty-nine by West- 
fall, thirty-one by Findley. 


Percentage error in 17 determinations, 0 


“ “ « 9 “ 0-3.0 (7—, 13+) 
‘“ “ « 16 “ 3.0-6.0 (9-, 7+) 
os “ “ 7 “ 6.0-9.1 (3—, 4+) 


The mean of the differences between “true” and “found,” the 
sign having been taken into account, was +0.1 per cent; the 
average deviation from the mean, +2.8 per cent. 

Results with Plasma—In eighteen analyses the ultramicro- 
method, applied to 0.3 c.mm. of frog plasma, was compared with 
Whitehorn’s method applied to 0.2 to 0.5 ce. The NaCl concen- 
trations ranged from 0.26 to 0.58 per cent. The greatest difference 
between the results of the two methods was 5.4 per cent; the mean 
of the differences was 0.29 per cent; the average deviation from the 
mean, 2.31 per cent. ; 


‘It will be noted that each determination is conducted separately; 
several tubes of unknown solutions are not prepared at once. This is 
largely because of the rapidity with which maximum color develops and 
fades; also because the alcoholic solution of the diphenylearbazide tends to 
creep toward the chromate solution in the capillary tube so that develop- 
ment of color begins before the two columns are mixed by centrifugation. 
Subsequent experiments have shown that when a watery solution of the 
reagent is used (0.1 per cent in 10 per cent acetic acid), as many as four 
separate determinations can be conducted satisfactorily with one set of 
standards. 
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Animal Experiments 


Frogs—The results of eleven consecutive experiments on frogs 
(Rana pipiens), made in September and October, 1932, are given 
in Table I. The technique of collection of glomerular urine was 
the same as that described in earlier papers from this laboratory, 

The brain was destroyed without hemorrhage by a hemostat. 
The right kidney was exposed and transilluminated. The tubule 
arising from the punctured capsule was identified by injecting 


TaBLeE | 
Chloride Concentration of Glomerular Urine and Blood Plasma from Frogs 






































i Tis ot age Concentration of NaCl in 
— +" hag Difference 
ment No. : Gl - 
otiection Sample I | Sample II P . om P —e Averaget wlar 
urine 
min. min. min, per cent | per cent | per cent | per cent | per cent 
1 75 45 0.58 0.68 | 0.69 | +1.7 
2 105 55 0.42 0.42 | 0.43 | 42.4 
3 58 27 67 0.48 | 0.52 | 0.60 | 0.61 | +2.0 
+ 67 5 51 0.45 | 0.44 | 0.44 | 0.44 0 
5 113 48 122 0.52 | 0.51 | 0.61 | 0.52 | +2.0 
6 55 ll 41 0.53 | 0.54 | 0.63 | 0.64 | +1.9 
7 72 19 60 0.46 | 0.46 | 0.46 | 0.47 | 42.2 
8 60 10 55 0.53 | 0.53 | 0.63 | 0.66 | +5.7 
9 127 41 121 0.52 | 0.52 | 0.62 | 0.52 0 
10 67 15 64 0.52 | 0.53 | 0.63 | 0.52 —-1.9 
ll 47 14 34 0.53 | 0.53 | 0.63 | 0.65 | +3.8 
EE eer. ae ae 





* After beginning of glomerular urine collection. 
t The third decimal place was used in calculating the averages. 


a minute amount of dilute phenol red solution. After this had 
been washed out by the stream of glomerular urine and after the 
tip of the collecting pipette had been washed several times with 
glomerular urine taken in from the capsule and discharged back 
into it, the neck of the tubule was blocked with a glass rod and 
glomerular urine collection begun. Pressure in the collecting 
system was always positive (1 to 10 mm. of Hg). Transfer of 
glomerular fluid from the collecting pipette into a capillary tube 
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containing oil was effected usually within 30 seconds from the 
time of withdrawal of point from capsule. In Experiment 8 there 
was slight opportunity for evaporation of glomerular urine during 
transfer. 

Circulation through the glomerulus in Experiment 5 was some- 
what sluggish; in all the others excellent. In Experiment 3, 1 cc. 
of 0.65 per cent NaCl was injected intravenously 8 minutes before 
beginning collection; in the others no saline injections were 
required. 

Blood, about 0.025 cc., was taken from the ventricle into a 
capillary pipette containing dry sodium oxalate during the period 
of glomerular urine collection. It was centrifuged and the plasma 
separated immediately. 

Necturi—In Table II are the results of fourteen experiments on 
nine adult specimens of Necturus maculosus. Experiments which 
bear the same date were made on the same animal. The experi- 
mental technique was that of White and Schmitt as modified by 
Walker and Reisinger (18). The animals were anesthetized by 
immersion in 1.5 per cent urethane, usually for about 15 minutes; 
anesthesia was maintained during the experiment by keeping the 
head and gills in 0.15 per cent urethane solution. The left kidney 
was exposed and its ventral surface illuminated by reflected light. 
In only four experiments (Nos. 9, 11, 12, 14) was the neck of the 
tubule blocked with a rod during glomerular urine collection; in all, 
however, the pressure in the collecting system was positive (5 to 
12mm. of Hg). Blood for analysis of plasma was taken from the 
posterior cava into capillary pipettes containing dry sodium 
oxalate. 

Protein was not present in detectable concentration in the 
glomerular urine of Experiments 18 and 23; a heavy trace was 
present in that of Experiment 10; and in Experiment 9 its concen- 
tration was approximately equivalent to that of a 1:10 dilution of 
plasma. Tests were not made in the others. 

The results show clearly that in frogs and Necturi the Cl concen- 
tration of glomerular urine and plasma is approximately the same. 
In the majority of experiments the observed difference was within 
analytical error. Significance is probably to be attached to the 
fact that in eighteen out of nineteen experiments the higher Cl 
figure was obtained with glomerular urine. As was pointed out by 
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Wearn and Richards (1) a difference in this direction of the order 
of 3.0 per cent might be anticipated on the assumption that a 
Donnan equilibrium exists at the glomerular membrane. 

In four experiments not listed a source of possible error in 
glomerular urine collection from Necturus was revealed, to which 
attention has not hitherto been directed; viz., drying of the surface 






































Taste II 
Chloride Concentration of Blood Plasma and Glomerular Urine from Necturus 
eee Concentration of NaCl in 
‘ae | Beto jaune ——| Diler- 
No. collection | Sample | Sample | Plasma} Plasma} Aver- --¥ — 
I Il I II age urine 
1933 min, min min. |per cent | per cent |per cent | per cent | per cent 
2 Jan. 13 16 22 0.45 0.45 | 0.45 0 
7t Feb. 18 20 —2| 21 | 0.40 | 0.43 | 0.42 | 0.42 0 
9t “ 22 29 —7| 31 |-0.38 | 0.38 | 0.38 | 0.40 | +5.3 
10t “« 22 23 —23 | 25 | 0.38 | 0.38 | 0.88 | 0.39 | +2.6 
1lt “« 24 33 —4/ 35 | 0.39 | 0.40 | 0.39 | 0.40 | +2.3 
12 Apr. 5 27 —17| 30 | 0.45 | 0.45 | 0.45 | 0.60 |+11.1 
13 a 5 29 —23 | 34 | 0.48 | 0.47 | 0.48 | 0.49 | +2.1 
14 July 11 26 6 0.41 0.41 | 0.41 0 
15 ~ ee 37 17 0.41 0.41 | 0.43 | +4.9 
16 - & 40 ll 0.40 0.40 | 0.41 | +2.5 
18 * = 35 —5 0.49 0.49 | 0.61 | +4.1 
23 Nov. 7 40 —18 | 46 | 0.44 | 0.46 | 0.45 | 0.46 0 
24 = = 16 —12} 21 | 0.46 | 0.47 | 0.46 | 0.48 | +4.3 
25 ae 19 —17 | 22 | 0.47 | 0.48 | 0.47 | 0.49 | +4.3 
SE Se Se ee ee ee Ne 








* Values preceded by minus signs were obtained before, others after the 
beginning of the glomerular urine collection. 

t The third decimal place was used in calculating the averages. 

t Collections were made by Dr. Walker. 


of the kidney with resulting possibility of concentration of the 
capsular contents by evaporation when the rate of formation of 
glomerular urine is slow. 

In Experiment 17, at the end of a long experiment, glomerular 
circulation was sluggish, the capsules were distended, and the 
peritoneal surface over them obviously dry. Glomerular urine 
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was taken from three such capsules in quick succession. Plasma 
NaCl was 0.38 per cent; glomerular urine NaCl, 0.43 per cent; 
difference, +13.2 per cent. In Experiment 5, under similar con- 
ditions the difference was +20.0 per cent. In Experiment 19 the 
surface of the kidney was dried by a current of air directed against 
it for 5 minutes. The contents of seven capsules in the dried 
area contained 0.48 per cent NaCl; the plasma, 0.43 per cent; 
difference +11.6 per cent. Finally in Experiments 20 to 22, the 
anterior half of the kidney was covered with a layer of cotton 
soaked in oil; the posterior half was dried with an air current. 
Two collections, each from several glomeruli in the dried area, and 
one collection from several glomeruli in the protected area were 
analyzed. The results were as follows: (1) NaCl in glomerular 
urine from dried area, 0.48; in plasma, 0.42; difference, + 14.3 per 
cent. (2) NaCl in glomerular urine from protected area, 0.44; 
in plasma, 0.42; difference +4.2 percent. (3) NaCl in glomerular 
urine from dried area, 0.50; in plasma, 0.43; difference, +18.6 
per cent. 


SUMMARY 


1. The sensitiveness of Isaacs’ colorimetric method for determin- 
ing chlorides is greatly increased by the use of Cazeneuve’s reagent, 
sym.-diphenylearbazide. A macromethod in which this modifica- 
tion was adopted proved to be as reliable as that of Whitehorn. 
An ultramicroadaptation of the modified Isaacs’ method is de- 
scribed which allows chloride determinations in fractions of a 
c.mm. of fluid containing 0.001 mg. or less of NaCl with an average 
error of less than 3.0 per cent. Similar accuracy is attainable in 
the analysis of fractions of. a c.mm. of plasma. 

2. The new method has been used in the analysis of glomerular 
urine and blood plasma in eleven experiments with frogs and four- 
teen with Necturi. The Cl concentrations of the two fluids were 
approximately equal. The slight difference, consistent in sign, 
observed in the majority of experiments was approximately that 
which would be expected to result from the operation of the Gibbs- 
Donnan law of membrane equilibrium. These results, regarded as 
more trustworthy than those previously obtained in this laboratory 
by the nephelometric analytical method, confirm those of Ekehorn. 
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ELECTROLYTES IN THE SERUM OF THE RAT* 


By PAUL K. SMITH anv ARTHUR H. SMITH 


(From the Department of Physiological Chemistry, Yale University, 
New Haven) 


(Received for publication, September 13, 1934) 


The use of the albino rat in biochemical studies other than those 
primarily concerned with nutrition is increasing. It is of impor- 
tance, therefore, that data relating to the normal metabolism as 
well as to the chemical composition of body fluids and tissues be on 
record. There are in the literature only a few reports of the 
electrolyte content of blood serum of this species and these are 
more or less incomplete. In view of the fundamental significance 
of such information the following data are submitted. 


EXPERIMENTAL 


Animals and Diets—Male albino rats were obtained from the 
Connecticut Agricultural Experiment Station and from the De- 
partment of Physiological Chemistry, Yale University. The two 
colonies are from the same parent stock and are identically cared 
for and fed. Animals weighing at least 43 gm. at weaning (21 
days of age) were given a diet of modified calf meal! (30), paste 
food,? and lettuce. The rats usually reached a weight of 115 
gm. after 2 weeks on this adequate diet. Animals not weighing 
115 gm. when 37 days old were discarded. When the desired body 
weight was attained (115 gm.), the rats were given a diet consist- 
ing of casein, 18 per cent; hydrogenated fat, 27 per cent; dextrin, 


* The data forming the basis of this paper were taken from a dissertation 
submitted by Paul K. Smith in partial fulfilment of the requirement for the 
degree of Doctor of Philosophy, Yale University, 1934. 

Aided by a grant from the Committee on Scientific Research, American 
Medical Association. 

1 Modified by the addition of cod liver oil, 3 per cent. 

* Whole milk powder, 25 per cent; casein, 25 per cent; wheat germ, 20 
per cent; lard, 30 per cent. 
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51 per cent; and salt mixture (31), 4 per cent. This was supple- 
mented by daily portions of yeast, cod liver oil, and wheat germ 
extracts as described by Swanson and Smith (43). The method 
of caging and the care of the animals followed the directions of 
Smith, Cowgill, and Croll (39). The growth of the rats was simi- 
lar to that of the “normal control” animals described by Brooke 
and Smith (7). 

Anesthesia and Collection of Blood Sample—The collection of ar- 
terial blood from rats without loss of carbon dioxide can best be 
accomplished when the animals are anesthetized. Although anes- 
thesia is probably always accompanied by some variations in the 
composition of the blood, the available evidence indicates that 
urethane administered by stomach tube produces only minor dis- 
turbances in this respect (1, 3, 33). 

In the present study urethane was given by stomach tube in 
doses of 2 gm. per kilo of body weight. Anesthesia was usually 
produced in 1 hour, during which period the body temperature 
fell about 1° unless otherwise prevented. To minimize possible 
changes in the water and electrolyte concentration due to this 
circumstance, the animals were kept in an incubator at 37° during 
this time. To determine the effect of the anesthesia analyses of 
chloride, carbon dioxide, and pH, and a few analyses of the base 
fractions were made on the blood serum of rats from which the 
blood was obtained by heart puncture. 

14 hours after the anesthetic was given, the peritoneal cavity 
was opened by an incision along the linea alba, and the abdominal 
aorta exposed. The aorta was held momentarily while entrance 
was made with a sharp hypodermic needle connected to a centri- 
fuge tube by rubber and glass tubing, the whole of the tubing 
being filled with mineral oil. This is essentially the method de- 
scribed by Van Slyke and Cullen (46) for collecting blood without 
loss of carbon dioxide. 6 cc. of blood could be obtained in this 
manner from a single rat. The glass tubing was removed from 
the centrifuge tube, mineral oil was added to fill the tube, and a 
special rubber stopper containing a hypodermic needle was in- 
serted until all the air was displaced. The needle was removed 
and the blood sample allowed to clot in the ice box. It may be 
that under these conditions there is a small loss of carbon dioxide 


(29). 
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Body Temperature—This was obtained by inserting a clinical 
thermometer 3 cm. into the rectum of the rat and leaving it in t 
place until the temperature had reached a maximum. Feces were . 
first expressed from the colon. The temperatures were corrected 
, by calibrating the clinical thermometer with a standard laboratory 
, thermometer reading to 0.01°. 

Hydrogen Ion Concentration—The pH value of the serum was 

, determined potentiometrically by means of a calomel half-cell to- 
gether with a quinhydrone electrode, of the type used by Cullen 
, and Biilmann (11) as modified by Cullen (10) and Cullen and Earle 
(12). By this method serum is admitted to the quinhydrone 
half-cell and electromotive force readings are made at definite 
intervals of time. These observations are plotted on coordinate 
paper with time as the abscisse, and an extrapolation made to the 
time the serum is admitted; from this an apparent value for the 
pH is obtained. This value is subject to two corrections: the first 
, obtains because the calculated apparent value differs from the true 
value as found with a hydrogen electrode at the same tempera- 
ture; the second correction depends upon the difference between 
the temperature of the electrodes and the normal body tempera- 
ture of the group of rats under investigation. These corrections 
for rat serum were obtained by comparing the apparent pH at 
, different temperatures obtained with the quinhydrone electrode 
with the pH given by a glass electrode at 38° (13).3 The correc- 
tions for rat serum are similar to those given elsewhere (27) for 
| dog serum. 
Carbon Dioxide Content—The carbon dioxide in the serum was 
determined in the manometric gas apparatus described by Van 
Slyke and Neill (47). The determinations were made in duplicate 
on 0.2 cc. samples. The factors of Van Slyke and Sendroy (48) 
were used. 

Chloride—Chlorides were determined in duplicate on 0.2 ce. 
samples of serum by Patterson’s modification (32) of the Van 
Slyke method (45). 

Total Protein—Total nitrogen determinations in 0.5 cc. samples 
of serum were carried out in duplicate by a modified semimicro- 
Kjeldahl method similar to that described by Hitchcock and Bel- 
den (21) except for the use of selenium oxychloride as the catalyst, 
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3 We are indebted to Mr. Delafield DuBois for these measurements. 
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as used by Lauro (28). A few determinations of the non-protein 
nitrogen were made by direct Nesslerization, according to Folin 
and Denis (17), with persulfate as the oxidizing agent (51). The 
mean result of these determinations (0.25 gm. of nitrogen per liter) 
was used in calculating the values for protein nitrogen from total 
nitrogen. The usual factor, 6.25, was employed to estimate the 
total serum proteins. The ratio of albumin to globulin was not 
determined. 

Inorganic Phosphate—The modified colorimetric method of 
Kuttner and Cohen (25) and Kuttner and Lichtenstein (26) was 
used to determine the inorganic phosphate in 0.2 cc. samples of 
serum. Bodansky (5) has shown that the blue color of the phos- 
phomolybdate solution does not obey Beer’s law and that a further 
error is introduced if trichloroacetic acid is used in the unknown 
and not in the standard solution. These errors can be estimated 
from tables which Bodansky has prepared. In the present study 
the error was reduced by using trichloroacetic acid in both the 
unknown and the standard solution and by preparing standard 
solutions of almost the same concentration as the unknown. 

Calcium—The calcium in the ash of 1 cc. of serum was precipi- 
tated as the oxalate, filtered, and washed according to the method 
of Stanford and Wheatley (41) and measured by the gasometric 
method of Van Slyke and Sendroy (49). The filtrate was used for 
the determinations of the other base fractions. 

Magnesium—The method of Strebinger and Reif (42) as applied 
to blood serum by Greenberg and Mackey (18) was used for the 
determination of magnesium on the filtrate from the calcium 
oxalate. 

Potassium—The potassium in the filtrate from the magnesium 
hydroxyquinolinate was determined by the method of Shohl and 
Bennett (36) as modified by Hald (19). 

Sodium—The sodium in the filtrate from the potassium deter- 
mination was determined by the gravimetric method of Barber 
and Kolthoff (2) and Kolthoff (24) as applied by Butler and Tut- 
hill (8). 

Total Base by Benzidine Method—Total base was determined 
by the method of Stadie and Ross (40) as modified by Kirjan (23). 

Total base was also determined by adding together the values 
for the individual cations. 
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The small volume of blood obtainable from one rat does not 


admit of a complete electrolyte study on a single animal. 


In order 


that the data obtained from the numbers used might be interpreted 


TaBLeE I 
Electrolytes in Serum of Normal, Adult, Male Rats 














Other studies 
No. ot | sean | able” Biblio 
on of rin |,NOof| mean "refer 
- ence 
No. 
Body temperature............... 14 | 38.0 |+0.20 9 | 37.5] 22 
ME WP UII. os cc sven accwne vase 11 7.38)+0.014) 3 7.35) 35 
2 7.34| 37 
i TR eid aWaweleledis da 9 7.38)+0.008 
Oe ae err ree 10 | 22.2 |+0.45 2 | 28.3t| 37 
(A an Ee ee Pee 14 | 20.8 |+0.60 
Chloride, m.-eq. per l...........- 15 {102.2 |+0.46 7 |114.9| 38 
2 1107.5 | 37 
” . alee TITIES 12 |104.7 |40.37| ? | 95.7) 20 
Total protein, gm. per l.......... 11 | 62.8 |40.75 | 70 | 62.5 4 
4 |59.0| 44 
Inorganic phosphate, mm per l...| 15 2.38)+0.095) ? 2.50) 9 
? 2.25) 15 
ee eS el eee ae 6.05)+0.114) 28 6.12} 50 
5 5.2] 34 
" Pe) PRRs dwadeen be 4 6.21 ? 5.06} 20 
ek”) AR cctapoleion at 17 2.57|+0.102| 28 2.68) 50 
5 1.80) 6 
- oe, Oe ean eee hae’ 4 2.79 ? 2.75) 20 
K, ed POPE 15 5.11/+0.163) ? 12.8] 2) 
” epee SO ce epee ted 4 5.90 
ay OS LO el. ee 13 133.7 |40.47 | ? |144.3| 20 
“ seed bee CEPT OC ET Ceo 4 /|134.6 
Total base by summation of ca- 
tions, m.-eq. per l.. 13 |148.0 ? 1164.9] 20 
Total base by summation of ¢ ca- 
tions,* m.-eq. per l... 4 |149.3 
Total base by benzidine method, 
eg ee er 10 |148.1 |+1.23 2 |148.5 | 37 























* No anesthetic used. Blood obtained by heart puncture. 


t Venous blood serum. 
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properly, it was necessary to perform a sufficient number of de- 
terminations to make the mean value of a given blood constituent 
fairly reliable as evaluated by the statistical methods ordinarily 
employed in biological work (14, 16). The formule used were 
standard deviation = ./2d?/(N—1), where 2d? is the sum of the 
squares of the deviations from the mean, and N is the total num- 
ber of observations. Probable error of mean = (0.6745 X stand- 
ard deviation) /\/N. 

A summary of the results is contained in Table I. For purposes 
of comparison some values heretofore recorded in the literature are 
given, in some cases recalculated to the same denominations herein 
employed. 


DISCUSSION 


The blood serum obtained from rats by heart puncture without 
anesthesia does not differ appreciably in composition from that 
obtained under urethane anesthesia except as to chloride and 
carbon dioxide content. It seems probable that the accelerated 
breathing of the struggling animal during the heart puncture would 
account for the lower carbon dioxide content and the consequent 
increase in chloride. Silvette’s value (38) of 114.9 milli-equiva- 
lents per liter for chloride is appreciably higher than the mean 
value reported in this paper. We are not able to account for this 
very considerable difference. A recalculation of the data of Heller 
and Paul (20) reveals a difference between the total base and 
chloride in the serum of arterial blood of 69.2 milli-equivalents per 
liter, which is much greater than the analogous value (45.8) in 
the present study. It seems unlikely that the sum of bicarbonate, 
protein, inorganic phosphate, sulfate, and organic acids in arterial 
serum is as much as 69.2 milli-equivalents per liter. The smaller 
difference between chloride and total base in the present study is 
due principally to the higher chloride and the lower potassium and 
sodium. 

Compared with the values considered as normal for human se- 
rum (19) it appears that the blood serum of the rat has a higher 
calcium, magnesium, and phosphate content and is lower in so- 
dium, bicarbonate, and protein. 

The present studies have demonstrated that as small an animal 
as the rat may be employed in certain investigations relating to 
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water and electrolyte distribution, particularly those in which it is 
desirable to restrict standardized animals to a relatively expensive 
synthetic diet. 
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INORGANIC SALTS IN NUTRITION 


X. ELECTROLYTE BALANCE IN THE SERUM OF RATS RECEIVING 
A DIET DEFICIENT IN INORGANIC CONSTITUENTS* 


By ARTHUR H. SMITH anv PAUL K. SMITH 


(From the Department of Physiological Chemistry, Yale University, 
New Haven) 


(Received for publication, September 13, 1934) 


The effects on rats produced by a regimen poor in all inorganic 
constituents have been studied (14). When the animals received 
less than 50 mg. of ash per day, growth was restricted and some of 
the organs were of abnormal size and water content (15). Fur- 
thermore, the total nitrogen of the blood plasma was significantly 
reduced (14). 

Does continued subsistence on a dietary régime poor in inorganic 
constituents produce changes in the electrolyte and water balances 
of the circulating fluids? It has been shown (1) that the diet low 
in ash produces an immediate cessation in the growth of young 
rats, and that such animals excrete large amounts of ammonia. 
Do these, or any other compensatory mechanisms, suffice to main- 
tain normal physicochemical conditions in the animal body under 
such abnormal nutritive conditions? 

Animals on a salt-poor diet consume less food than do animals 
on an adequate diet. This makes desirable a parallel study of 
rats receiving restricted amounts of food, to determine whether 
inanition per se produces any appreciable changes in the compo- 
sition of the body fluids. Furthermore, it is desirable to know the 
electrolyte and water composition of rats receiving unlimited 
amounts of an adequate diet, one which differs from the low salt 


* The data in this paper were taken from a dissertation submitted by 
Paul K. Smith in partial fulfilment of the requirements for the degree of 
Doctor of Philosophy, Yale University, 1934. 

Aided by a grant from the Committee on Scientific Research, American 
Medical Association. 

A preliminary report was presented before the American Society of 
Biological Chemists at New York, March, 1934 (Smith, P. K., and Smith, 
A. H., J. Biol. Chem., 106, lxxxi (1934)). 
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ration only in the amount of inorganic constituents present. The 
present study represents an attempt to answer the foregoing ques- 
tions under carefully controlled experimental conditions. 


EXPERIMENTAL 


Animals and Diets—The preexperimental growth and feeding 
of the animals has been described (13). When the desired body 
weight (115 gm.) was attained, these rats were divided into three 
groups, designated hereinafter as low salt (Group I), calorie control 
(Group II), and normal (Group III). The diet of Group I con- 
sisted of a mixture of a specially washed casein, dextrin, and hydro- 


TABLE [I 


Composition of Experimental Diets 








Ingredients Diet I Diet II Diet III 

per cent per cent per cent 

NP OMNI... ss esccccecsemes 18.0 25.7 18.0 
EY Sole erdabietU tnt odaceades 55.0 41.6 51.0 
Hydrogenated fatt................. 27.0 27.0 27.0 
a a eid 5.7 4.0 














In addition, wheat germ oil, 3 drops; cod liver oil, 5 drops; alcoholic 
extract of wheat germ,* 1 cc. (equivalent to 2 gm. wheat germ); and 200 mg. 
of dried yeast were given daily to each experimental animal. 

* For preparation see Swanson and Smith (14). 

t Crisco. 

t Osborne and Mendel (7). 


genated fat, to which vitamin supplements in the form of cod liver 
oil, yeast, and extracts of wheat germ were added each day. The 
calorie control group received a diet containing the same amount of 
fat, but in which the proportions of protein and salts were increased 
so that these animals received approximately the same quantity 
of these two components as the normal group, though the amount 
of food energy fed was restricted to that voluntarily consumed by 
the rats of the low salt group. The normal rats received the same 
diet as Group I except that 4 per cent of salt mixture was used in 
the place of a like amount of dextrin in the ration. The compo- 
sition of the diets is given in Table I. 

The animals were kept on these diets for about 90 days. The 
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death rate of the animals on the low salt diet increases with great 
rapidity after this period. In order to increase the body size of 
the stunted animals of Group I, some of them were kept on the 
adequate preexperimental diet for 2 days after they had reached 
the 115 gm. body weight. 

The animals on the low salt diet grew at a very slow rate for 
approximately 7 weeks, then not at all for the remaining 6 weeks. 
At the end of 90 days on the diet, the average increase in weight 
was 23 gm. for the rats on the low salt diet, while the animals of 
the calorie control group gained 86 gm., and the normal animals, 


TaBLe II 
Average Amount of Constituents Consumed per Day per Rat 











. Group II 
Constituent Geo t = Gow = 
BE, co) os ile yak nant ones wee 31 32 51 
mg. mg. mg. 
I co dacetae soc aise tebe 166 241 264 
SE Cs, ae ee eee ey 41.0 
Calcium acetate ash................ 59.3 
EN OE eT 14.6 46.7 51.2 
m.-eq. m.-eq. m.-eq. 
Ns ts i kcawikenadiunn 0.320 
RE PR i HES: 0.013 2.292 2.543 
ee tn inaeenidaedhaders 0.018 0.434 0.478 
So cs ou seus osetyueaeteks 0.228 1.927 2.171 
NN Osten aelinthe dst awad 0.044 0.592 0.666 
SE ee eee 0.072 1.402 1.852 











161 gm. At the end of the experimental period the animals re- 
ceiving the salt-poor ration (Group I) were characterized by an 
emaciated, ragged appearance, and moved in a quick uncertain 
manner. 

Analyses of Diets—The dietary components were analyzed for 
moisture, ash, total nitrogen, phosphorus, fixed base, calcium, 
magnesium, potassium, and sodium. To insure the presence of 
sufficient base to bind the phosphorus of the casein and of the 
vitamin supplements, the ashing of these constituents was also 
carried out with the addition of calcium acetate, in the manner 
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described by Shaw (10). The phosphorus was determined by the 
volumetric molybdate method of the Association of Official Agri- 
cultural Chemists (6). The determinations of the other constitu- 
ents of the diets were carried out in a manner similar to that em- 
ployed in the estimations of the same components in the blood 
serum (13). 

Table II gives the average daily amounts of the several mineral 
constituents consumed by the rats of the three groups. The low 
salt diet is low in chloride, phosphorus, and in all the cations for 
which it was analyzed. Of particular interest are the very low 
contents of calcium, sodium, and chlorine. No other diet has 
been found in the literature which was adequate in all respects 
except the mineral content and which was so poor in sodium and 
chlorine. There is, unfortunately, a rather marked disproportion 
between certain of the constituents, which is best illustrated by a 
consideration of the molecular ratios with calcium taken as unity. 




































Ca 





Me Na cl | K 
1 








1.0 1.4 6.8 





It is likely that the animals on the low salt diet do not ingest 
enough calcium, magnesium, potassium, sodium, phosphorus, or 
chlorine to suffice for good growth. From some data of Osborne 
and Mendel (unpublished)! it has been calculated that usual 
growth was not obtained until the daily phosphorus consumption 
was 40 to 50 mg., and the calcium, 50 to 60 mg. Sherman and 
collaborators have reported very similar figures (16). The daily 
requirements of growing rats for the other cations are said to be 
about 0.5 milli-equivalent of magnesium (4), 0.4 milli-equivalent 
of potassium (5), and 1.0 milli-equivalent of sodium (9). No 
information on the chlorine necessary for life and growth is avail- 
able. The figures for magnesium, potassium, and sodium are 
probably only approximate, as the results obtained by various 
investigators have differed considerably. 

Analytical Methods for Serum—The blood was collected from 
animals under urethane anesthesia as previously described (13) 
and the methods of analysis of the serum are likewise the same. 


1 Personal communication from Professor Lafayette B. Mendel. 
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DISCUSSION 


Statistical methods have been used to evaluate the differences 
in the means of the several constituents of the serum of the three 
groups of animals. In addition to the formule mentioned (13) 
the following were used: p.e.d. = /(p.e.m.;)?+ (p.e.m.2)? where 
p.e.d. is the probable error of the difference of two means. S.r. 
= (m.; — m.2)/p.e.d. where s.r. is the significance ratio. If a 
significance ratio is larger than 3.0, the chances are greater than 
20 to 1 that the difference of the two means considered is real. 
This is the accepted criterion in biological work (11), yet it may 
not be sufficiently rigid when applied to a small number of cases. 
The probability of obtaining any value differing from the mean by 
more than two standard deviations is small, and such a result has 
undue influence upon the mean, particularly where the number of 
determinations is small. Occasionally such a value was obtained; 
these infrequent anomalies were discarded in the calculation of the 
mean presented. 
. Asummary of the electrolyte balance in the serum of the three 

groups of animals studied is given in Table III. In calculating 
the acid- or base-combining capacity of the constituents deter- 
mined it has been assumed that all of the cations and the chloride 
are in a freely ionizable state. Bicarbonate has been calculated 
with a pK’, value of 6.10 (3), and the base-combining capacity of 
the phosphate has been calculated with the pK’: value of 6.8 (8). 
The base-combining capacity of the serum protein was obtained 
by using the equation for the total protein in human serum (8). 

The sum of the determined anions for the rats of Group I is 
larger than that of either Group II or Group III; this is due to the 
higher bicarbonate and inorganic phosphate contents of the serum 
of the rats on the low salt diet. The higher bicarbonate is prob- 
ably due to a respiratory defect and the higher inorganic phosphate 
may be related to the lowered serum calcium. Of the cations in 
the serum of Group I (low salt), the calcium is considerably lower, 
and the magnesium slightly higher than in the other two groups. 
The lower calcium is probably related to the extremely small 
amount of this element found in the diet. Sjollema and Seekles 
(12) found a similar lower serum calcium in rats fed on a diet low 
in caleium and high in phosphorus. It has already been shown 
that the rats on the low salt diet exist in a negative calcium bal- 
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ance throughout most of the experimental period (1) and that 
there is a gradual loss of calcium from the bones (2). The fact 
that at the same time the serum calcium is lower than normal 
indicates that there is a constant metabolic demand—a “‘wear and 
tear’? requirement—for calcium operative even when there exists 
an absolute lack in the diet. 

It is possible that there is a tendency for the dietary magnesium 
to be substituted for the calcium. The serum potassium of the 
rats of Group II (calorie control) is higher than in either of the 
other groups, whereas the serum sodium of Group III is the high- 
est in the series. The values for the serum sodium and potassium 
of Group I are of interest because the sodium is as low as in Group 
II without the high potassium, although there is a relatively large 
amount of the latter in the diet. It is possible that high serum 
potassium would be physiologically incompatible with a low serum 
calcium. 

SUMMARY 


In view of the recognized essential nature of inorganic salts in 
the physiological-chemical economy of the organism, it is of funda- 
mental interest to know the manner in which albino rats receiving, 
over a period of 90 days, a diet providing only 0.32 milli-equivalent 
of base per diem (the preponderance of which is potassium) are 
able to maintain essentially normal physicochemical conditions in 
the body fluids in so far as a study of the electrolyte balance in the 
serum is a measure. The readiest and, hence, the first compensa- 
tory adjustment is the elimination of the various demands incident 
to growth; increase in body weight, therefore, ceases. The intake 
of food is decreased, thereby reducing the metabolic burden on 
the organism. The fixed base is conserved by substituting am- 
monia for it in the urine to a great extent (1). 

The present study has demonstrated anew the stability of the 
electrolyte equilibria in the blood; the organism is able to maintain 
this vital balance with surprisingly little alteration in the face of 
extremely unfavorable dietary conditions for a relatively long 
period of time.” 


* Recent experiments (Butler, A. M., and MacKay, E. M., J. Biol. Chem., 
106, 107 (1934)) indicate that in man a diet low in sodium has no effect upon 
the concentration of sodium in the serum although the concentration in 
the cells is lower. 
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INORGANIC SALTS IN NUTRITION 


XI. CHANGES IN COMPOSITION OF THE WHOLE ANIMAL 
INDUCED BY A DIET POOR IN SALTS* 


By AMOS E. LIGHT, PAUL K. SMITH, ARTHUR H. SMITH, anp 
WILLIAM E. ANDERSON 


(From the Department of Physiological Chemistry, Yale University, 
New Haven) 


(Received for publication, September 13, 1934) 


One of the devices which can be used to throw light upon the 
organism’s response to dietary restriction is the analysis of the 
entire body of suitably selected groups of experimental animals. 
Although this procedure largely fails in differentiating constitu- 
ents of the body fluids from those in the tissues, it does supple- 
ment metabolic studies, tissue and blood analysis, and permits a 
broad view of the end-results of the efforts to maintain physiologic 
integrity in the organism. The present study describes the 
changes taking place in the composition of the entire bodies of 
albino rats restricted to a ration extremely poor in certain inorganic 
salts. 


EXPERIMENTAL 


Animals and Diets—The rats used, except for one group, were 
from the groups described in the preceding study (17). The 
group designated preexperimental controls comprised young rats of 
approximately the same age and body weight as the rats of the 
other three groups at the time they were placed on the experimen- 
tal diets (38 days of age and 130 gm. body weight). They serve to 
show what changes have occurred in the three groups during the 
period of the experiment. In some instances the animals were the 
same as those from which some serum had been removed. Cor- 


* Part of the data forming the basis of this paper was taken from a dis- 
sertation submitted by Paul K. Smith in partial fulfilment of the require- 
ment for the degree of Doctor of Philosophy, Yale University, 1934. 
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rections were made for the serum withdrawn, but these were well 
within the experimental errors of the methods employed. 


Analytical Methods 


Water—The contents of the gastrointestinal tract were re 
moved and weighed. This weight was subtracted from the live 
weight of the rat. The animal was ground in a food chopper and 
the material placed in a weighed aluminum pan with a tightly fit- 
ting cover. The chopper was washed several times with hot 50 
per cent alcohol and the washings added to the tissue in the pan. 
The material was dried in a vacuum oven at 60—65°, at a pressure 
of carbon dioxide corresponding to 20 mm. of mercury until the 
weight was constant to 0.1 gm.; this usually required about 5 
days. The loss in weight was calculated as moisture. 

The dried residue was ground to a fine powder, dried again for 
1 day, and stored in air-tight containers. The other constituents 
were determined upon the dried residue. 

Nitrogen—0.5 gm. samples of the dry powder were analyzed by 
a modification of the Kjeldahl method, with selenium oxychloride 
as a catalyst. 

Total Lipids—5 gm. of the dry, powdered rat tissue were ex- 
tracted by boiling for 15 minutes with 75 cc. of an anhydrous alco- 
hol-ether (4:1) mixture. The extract was filtered and the residue 
washed with three 10 cc. portions of the boiling solvent mixture. 
The combined extracts were evaporated and dried to constant 
weight. This procedure is a modification of a method used by 
Blatherwick et al. (1). 

Ash—2 gm. samples of the dry, powdered rat tissue were ashed 
in quartz dishes in an electric furnace at 540° until the weight was 
constant. This usually required about 16 hours. 

Phosphorus—1 gm. samples were analyzed by the volumetric 
method of the Association of Official Agricultural Chemists (13). 

Chlorine—1 gm. samples were analyzed by the alkaline diges- 
tion method of Sunderman and Williams (19). 

Calcium and Magnesium—2 gm. samples were analyzed for 
calcium by the method described by Washburn and Shear (22). 
Magnesium was determined in the filtrate from the calcium oxalate 
by the volumetric method of Tisdall and Kramer (21) with 
comparison indicator as described by Fiske (5). 
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Potassium and Sodium—1 gm. samples were ashed at 540° and 
dissolved in hydrochloric acid, then made alkaline to thymol blue 
with ammonia (pH 9.2). The phosphorus and magnesium as well 
as most of the calcium were precipitated. Aliquots were evapo- 
rated and ignited. Potassium and sodium were determined by 
Hald’s (6) modifications of the methods of Shohl and Bennett (16) 
and Butler and Tuthill (3) respectively. 


DISCUSSION 


A summary of the results is given in Table I together with some 
data on the composition of normal rats already recorded in the 
literature. In view of the previous studies on muscle and bone 
(20) it was not surprising that the water content of the animals of 
Group I was much more like that of the preexperimental control 
group than either Group II or III. Certainly the percentage of 
water in the animals on the low salt diet and in the young rats 
(preexperimental group) is greater than in the other two groups. 
The small total lipid content of the rats on the low mineral ration 
confirmed the observations commonly made at autopsy; namely, 
that there is practically no visible fat. The very high lipid con- 
tent of the animals of Group III indicates the extent to which 
growth, as measured by body weight, is a matter of accumulation 
of fat. 

The total nitrogen of the animals on the low salt diet increased 
about one-fifth, but the gain was far less than that of the rats 
receiving the same number of calories of an adequate diet (Group 
II). It is true that the animals of Group II received more protein; 
however, it has been shown that if rats on the low salt diet are 
given larger amounts of protein (quantities similar to those con- 
sumed by Group II) the gain in weight is no greater than with the 
lesser quantity of protein.’ 

The total ash content of the animals is particularly interesting. 
The ash content of the animals of Group I is almost the same after 
90 days on the low salt diet as that of the young animals of the pre- 
experimental group. The ash content of the rats of Groups IT and 
III was more than twice that of the first two groups mentioned. 

The decrease in water and the increase in ash during normal 


! Personal communication from Dr. P. P. Swanson. 
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growth have been examined (7, 12) with results similar to those 
herein recorded. 

In 1886 E. Voit (23) pointed out that the percentage of ash in a 
group of animals on the same diet became a more constant figure 
if the calculation was based on the dry, fat-free material. Since 
that time Mendel (11), Magnus-Levy (9), and Moulton (12) have 
used this method to express differences in the mineral content of 
animals. In the present study this method of calculation reveals 
that the ash proportion of the animals on the low salt diet is even 
lower than that of the younger control rats, in which group the 
absolute amount of ash is almost the same as in the animals of 
Group I (low salt). This is accounted for by the persistent in- 
crease of nitrogenous material in the-animals on the low salt diet 
(Group I). Although the number of animals in each group is too 
small to permit statistical treatment of the data, the constancy of 
the figures within each group and the relatively great differences 
between the means suggest that the observed variations are real. 

The percentage of dry, ash-free, lipid-free material (Column 4 
minus Columns 5 and 6) in all three groups of adult rats is very 
near the average value of 20 per cent found by Chanutin (4) for 
adult rats. In the present study the average value for the per 
cent of nitrogen in the dry, ash-free, lipid-free residue was 15.34 
per cent, and this proportion of nitrogen was remarkably constant 
in all four groups; this is remarkably close to the value found by 
Chanutin (4) (15.9 per cent). These results indicate that the 
essential organic structure of the animals is not affected in quality 
by the dietary adjustments employed. 

The total caloric value of the animals on the low salt diet is less 
than that of either the preexperimental controls or the animals of 
Group II (calorie control), Certain factors which might affect 
this quantity have been studied, and the results on the animals on 
the low salt diet as compared with the calorie control rats indicate 
that the animals are not able to absorb and utilize food as effi- 
ciently in the absence of minerals as rats receiving an adequate 
supply of dietary salts. The voluntary activity of the rats in 
Group I is less instead of greater (18), the body temperature of 
the rats on the low salt diet is distinctly lower (17), and some 
preliminary observations (unpublished) indicate that the total in- 
sensible weight loss is less. No evidence has been found (2) of 
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the presence of large amounts of glucose or nitrogenous compounds 
other than urea and ammonia in the urine of rats on the low salt 
diet. All of these observations indicate possible impairment of 
absorption from the alimentary tract in the animals on the low 
salt diet. 

After 90 days on the salt-poor diet the animals had slightly less 
calcium, magnesium, and phosphorus than similar animals (pre- 
experimental group) before being placed on the diet. It has been 
shown that the striking feature of the mineral metabolism is a per- 
sistent negative calcium balance (2). It seems likely that the 
calcium is the limiting factor inasmuch as the ingestion of mag- 
nesium and phosphorus, while suboptimal, was much nearer the 
amount required for growth than that of the calcium. In the 
animals on the low salt diet the total sodium is nearly the same as 
in the younger animals, while there is more potassium and less 
chlorine. The higher potassium and the ratio of potassium to 
sodium may be related to the greater nitrogen content of the ani- 
mals on the low salt diet, since it is probable that most of the 
potassium is in the cells, hence associated with the nitrogen, 
whereas most of the sodium and chlorine are in the extracellular 
fluids and associated with a much smaller amount of nitrogen. 

The animals on the salt-poor diet contained a much smaller 
proportion of calcium and phosphorus than the other animals 
(Groups II and ITI) of a similar age, and the ratio of calcium to 
phosphorus is distinctly lower. 

The sum of the mm of potassium and sodium per liter of water 
of whole rat is approximately equal to the total base per liter of 
water since little calcium or magnesium is in solution. These 
values should, in turn, approach the concentrations of serum total 
base per liter of serum water which in Groups I, II, and III were 
found (17) to be 157.3, 158.6, and 159.8 milli-equivalents per liter 
respectively. 


SUMMARY 


Under the condition of dietary adjustment herein employed, 
i.e. strict limitation of salts in the diet of rats over a period of 90 
days, there has taken place a striking loss of fat, little if any 
change in total amount of ash, a small increase in protein, and 4 
slight loss of calcium, magnesium, and phosphorus. In spite of 
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the small quantity of sodium and chlorine in the diet, the propor- 


tion of these elements in the whole body is not lowered appreciably. 


Compared with animals of the same age on adequate diets the 


rats on the low salt diet have a much smaller proportion of calcium 
and phosphorus and the ratio of calcium to phosphorus is lower. 


It appears that under the unfavorable nutritive conditions im- 


posed even the chemical composition of the body is changed so 
that the available food material is best used to support the vital 
equilibria and to maintain intact the essential tissues. 
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FAT-SOLUBLE VITAMINS 
XLI. THE CAROTENE AND VITAMIN A CONTENT OF COLOSTRUM* 


By J. SEMB, C. A. BAUMANN, ann H. STEENBOCK 


(From the Department of Agricultural Chemistry, University of Wisconsin, 
Madison) 


(Received for publication, May 28, 1934) 


In our previous studies on the carotene content and vitamin A 
content of butter fat we observed that they vary not only season- 
ally with the diet, but also with the breed of the cow (1). Never- 
theless, on the same diet individual variations between cows of the 
same breed were large. As these variations bore no obvious rela- 
tion to the quantity of butter fat produced, it appeared that the 
stage of lactation might in some way affect the carotene or the 
vitamin A content of the butter fat. This suggestion gained 
plausibility in view of the differences in the vitamin content of 
colostrum as compared with normal milk (2, 3). We accordingly 
have made spectrophotometric analyses of butter fat from cows of 
various breeds at different stages of lactation. These results were 
then correlated with concurrent analyses of the carotene content 
of the blood. 

To determine the changes in the carotene and vitamin A content 
of butter fat shortly after parturition, samples were collected daily 
for 4 days, and after intervals of 1 week and 1 month after the 
birth of the calf. This was done on six cows which freshened from 
December, 1933, to March, 1934. We also collected samples 
from thirty-nine other cows and correlated the results with the 
time which had elapsed since freshening. This enabled us to 
determine the influence of the stage of lactation upon the carotene 
and vitamin A content of butter fat, since all cows were on the same 
ration. 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 

We are indebted to the Civil Works Administration for the salary of 
one of us (J. S.) and for part of the expenses of this research project. 
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EXPERIMENTAL 


The spectrophotometric determination of vitamin A previously 
described (1, 4) was modified in several details. In the first place, 
we used ether which had been purified by shaking with NaHSO,, 
Fe(OH), and KMnQ, in water solution, and then distilled over 
alkali. This was considered necessary because commercial ether 
frequently contains substances which show spectral absorption at 
328 mu. To guard further against a possible absorption of light 
of 328 mu by impurities in the solvents, we made blank determina- 
tions by putting the solutions, at the proper dilution, in the photom- 
eter cell in place of the pure solvent. These precautions were 
necessary when absorption in the lower wave-lengths was rela- 
tively high. However, the error due to absorption of light by 
impurities did not exceed 10 per cent when the gross absorption at 
300 my did not exceed that at 328 muy. 

When purified ether was used, it was found unnecessary to freeze 
the solutions with CO, and acetone, as reported previously. An 
ordinary ice-salt mixture was found sufficient. Considerable 
cholesterol was kept in solution, but as cholesterol does not affect 
the absorption of light at 328 my, its quantitative removal was not 
necessary. The absorption curves obtained with the revised 
method much more nearly approximated the shape of those 
obtained with purified concentrates of halibut liver oil. 

The plasma carotene was determined by a modified method of 
Connor (5). 2 cc. of plasma, 2 ec. of 10 per cent KOH, 4 ce. of 
benzine (skel-gas C, b.p. 90-94°), and 6 cc. of ethyl alcohol were 
shaken thoroughly and the benzene drawn off. Extraction was 
continued until no more color was removed. The readings were 
taken in a Bausch and Lomb spectrophotometer. In addition to 
samples collected from cows which had freshened recently, we made 
repeated analyses of samples from cows on their regular winter 
ration' and on a ration of higher carotene content containing 
A.L.V. silage (6). 


1 The amount of ration fed was adjusted to the weight of the animal 
and to the milk production. The average ration consisted of corn silage 
15 kilos, mixed hay 5 kilos, and a grain mixture 3.18 kilos. The carotene 
content of the ration in micrograms per gm. was as follows: silage 6.5, 
hay 6.5, and grain 3. The cows received an average of 141 mg. of carotene 
daily. 
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The determination of the vitamin A content of blood plasma was 
attempted by methods of saponification and extraction similar to 
those applied to butter fat. The results, however, were generally 
unsatisfactory as the amount present was too small to lend itself 
readily to routine analyses. When the purified solutions were 
sufficiently concentrated, definite absorption at 328 my resulted, 
but much of this was attributable to carotene, and some undoubt- 
edly was due to interfering agents. A blue color was obtained 
with SbCl;, but this was only slightly more intense than could be 
attributed to the carotene alone. 


TaBLeE I 


Vitamin A and Carotene Content of Butter Fat of Colostrum in Micrograms 
per Gm. of Fat 
































Days after parturition.................. 1 2 3 7 30 
Vitamin A Brown Swiss 1 28.0 7.0 
” -? 53.1 | 27.5 7.1 4.4 
Ayrshire 67.5 9.5 8.1 6.3 
Guernsey 69.2 | 37.1 | 20.0 6.5 4.5 
Jersey 34.8 | 22.8 | 10.4 4.6 3.8 
Holstein 1 25.0 | 27.5 | 22.0 | 11.0 | 10.4 
- 2 48.5 | 29.3 | 18.3 5.4 6.8 
Carotene Brown Swiss 1 13.0 2.8 
” - 3 24.8 | 14.6 3.8 2.9 
Ayrshire 27.7 6.3 7.0 4.7 
Guernsey 118.0 | 49.0 | 24.1 8.7 7.2 
Jersey 21.8 | 19.0 | 10.8 3.7 5.0 
Holstein 1 12.3 9.9 7.1 48 4.8 

7 2 17.7 | 12.7 §.1 2.8 3.1 

. Results 


Butter fat prepared from colostrum as produced by cows on our 
University winter ration was found to be from 8 to 10 times as 
rich as ordinary butter fat in both carotene and vitamin A (Table 
I). The content of both components was highest immediately 
after freshening. The values fell rapidly during the 1st week of 
lactation, after which the decreases were relatively slow (Table II). 
Breed tendencies were not definite at first, as the carotene and 
vitamin A content of the colostrum was high with all breeds, 
although the carotene content of colostrum from Guernseys was 
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markedly higher than that from the others. When the unsaponi- 
fiable matter was fractionated between petroleum ether and 85 
per cent alcohol, 95 per cent of the pigment was found to be caro- 
tene; this tallies with the composition of ordinary butter (4, 7). 


TABLE II 


Effect of Lactation upon Carotene and Vitamin A Content of Butter Fat in 
Micrograms per Gm. of Fat 












































6-100 days after Over 100 days after 
parturition parturition 
anes No. of No. of 
0. Vita- | C 0. Vita- 
ry ok rane r ~4 aba 2 
ts cnadais ccatens cane enk 7 |10.3)] 6.3 6 6.4) 41 
CD 5s cancsnmnenens sone 4 8.7) 5.6 4 6.1 | 5.0 
NS iO ia Kain inde erineawels 3 5.7] 5.6 6 5.8 | 5.6 
RR a Pie sR irae ere re 1 8.1| 7.0 2/61] 45 
Ae Pa ae Pe 3 8.4 | 13.9 3 | 8.5 | 143 
Weighted averages............. 18 8.8| 7.9] 21 | 6.6 | 6.2 
TaBLe III 
Carotene Content of Blood Plasma at Parturition (Micrograms of Carotene 
per Cc.)* 
Days Sipe partu- Days after parturition 
15-30 7 2 0 1 2 3 7 4 
Holstein 1.............| 5.0 3.0 2.3 | 2.0 
= 2.......-.-.--| 5.7 | 4.4) 4.2 | 3.5 | 3.1] 2.6] 2.0 | 2.0] 1.6 
aie Bicssccseccec fp ee pee 118.818.1198 3.1 | 2.8 
PN Bina disciisndcans 11.2 | 9.8 7.1/7.8 6.6 | 6.0 | 6.7 
i ee 6.5 | 3.7 | 3.2 | 3.0 1.7 | 1.2) 0.4] 0.7 
































* Non-parturient cows on the same ration showed a decrease of 14 per 
cent in plasma carotene during a 6 week period. 
t Illness after parturition resulted in a marked decrease in food intake. 


The amount of carotene in blood plasma appeared to be deter- 
mined primarily by dietary factors. For example, during the 
winter months when the cows were on a stall-fed ration, the 
carotene intake was low and was steadily decreasing, and the 
amount of plasma carotene decreased correspondingly. Although 
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decreases in plasma carotene were no greater in lactating than in 
non-lactating cows, the carotene content of the blood plasma 
appeared to decrease most rapidly in newly freshened cows (Table 
III). Decreases were observed both before and after parturition. 
In fact, the rate of decrease was greatest while the colostrum 
elements were being formed in the udder. As has been noted 
previously (8), breeds which contain large amounts of carotene in 
the blood plasma produce butter fat of high carotene content. 
Holsteins averaged 3.5 micrograms of carotene per gm. of butter 
fat, and 3.8 micrograms per cc. of blood plasma; five Guernseys 
on the same diet averaged 7.1 micrograms per gm. of butter fat and 
11.8 micrograms per cc. of plasma. Within these groups, how- 
ever, there was no absolute correlation between the carotene con- 
tent of butter fat and of plasma. Analyses of blood samples 
collected at 3 hour intervals during the day showed that variations 
did not exceed the accuracy of the method of determination. 

That an increase in the carotene intake increases the carotene 
content of the blood was also demonstrated. Twelve cows 
receiving 140 mg. of carotene daily averaged 5.2 micrograms of 
carotene per cc. of plasma. By feeding A.I.V. silage the carotene 
intake was increased to 500 mg. per cow per day. The plasma 
carotene values increased to 6.5 micrograms in 2 weeks and 8.8 
micrograms in 6 weeks. 

While large amounts of carotene were found to be present in the 
blood stream, the amount secreted daily into the milk fat repre- 
sented only a small portion of the total. As a typical example, 
the blood plasma of a Holstein cow contained 0.0077 mg. of caro- 
tene perce. The cow weighed 655 kilos. Assuming for purposes 
of calculation 5 per cent of the body weight as blood plasma (9), 
the 32.8 kilos of blood contained a total of 252 mg. of carotene. 
The determined daily output of butter fat was 0.45 kilos. 1 gm. 
of fat contained 0.0048 mg. of carotene. Hence, of 252 mg. of 
carotene in the blood stream, only 2.1 mg., or 0.8 per cent, were 
secreted daily. This would suggest that the blood stream can 
function as a significant storage reserve for carotene. 


DISCUSSION 


The initially high values of carotene and vitamin A in butter 
fat after parturition, the rapid fall during the next 4 days, and the 
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more gradual fall as the lactation period advances would suggest 
that a physiological factor determines in part the output of these 
substances. The concentrations of carotene in the blood and in 
butter fat are parallel when dietary variations are introduced, and 
a similar parallelism occurs when blood and butter samples from 
different breeds are compared. This parallelism, however, is 
not found at the time of colostrum secretion. The concentrations 
of plasma carotene in newly freshened cows were essentially the 
same as in the rest of the herd, although the concentration in the 
butter fat was 8 to 10 times the usual value. Apparently the 
usual “carotene equilibrium” between plasma and butter fat is 
overbalanced by some more potent mechanism which enables the 
body stores of both carotene and vitamin A to be mobilized to an 
unusual degree. The phenomenon is sufficiently spectacular to 
suggest hormone activity. 

The high concentration of carotene and vitamin A in the butter 
fat of colostrum might also be attributed to an accumulation of 
these factors in the tissues during the latter phases of pregnancy, 
when milk flow has ceased. However, no increase could be 
demonstrated in the blood carotene of four pregnant cows on the 
regular winter ration during a 4 week period after lactation had 
ceased. 

The decrease in the secretion of carotene and vitamin A which 
proceeds as the lactation period advances could be explained on 
the basis of a gradual decrease in the vitamin stores of the body, 
with an increased tendency to preserve these stores as they become 
relatively low. We have recently noted such a conservation in 
the vitamin A stores of rats placed on a depletion diet. 

The importance of an immediate high vitamin intake to the calf 
is obvious. Analyses of the young of many species show that the 
vitamin A stores of the new-born are low or practically negligible. 
Colostrum intake, therefore, is one way of rapidly building up the 
vitamin stores of the young. 


SUMMARY 


The carotene and vitamin A content of butter fat prepared from 
colostrum was found to be from 5 to 15 times that of fat prepared 
from ordinary milk. These relatively high values were obtained 
from cows of five different breeds on a diet relatively low in caro- 
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tene. The carotene and vitamin A content of the butter fat 
decreased rapidly during the lst week of milk secretion. There- 
after the decrease was relatively slow. The changes in the carotene 
content of the butter fat could not be attributed to changes in the 
carotene content of the blood plasma. An increase in the caro- 
tene intake increased the level of plasma carotene. Breeds which 
secreted butter fat of high carotene content revealed relatively 
high concentrations in their blood plasma carotene. Only 0.8 
per cent of the plasma carotene was secreted into the milk daily.? 
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FAT-SOLUBLE VITAMINS 


XLII. THE ABSORPTION AND STORAGE OF VITAMIN A 
IN THE RAT* 


By C. A. BAUMANN, BLANCHE M. RIISING, ann H. STEENBOCK 


(From the Department of Agricultural Chemistry, University of Wisconsin, 
Madison) 


(Received for publication, May 28, 1934) 


The apparent importance of vitamin A reserves for the well 
being of the animal has led us to make a detailed study of the 
absorption and storage of this vitamin. The rat was used as the 
experimental animal. The vitamin A determinations were made 
on the unsaponifiable extracts by means of the Carr-Price tech- 
nique (1). A solution of SbCl; in CHCl; saturated at 0° was 
used as the reagent. The results were calculated according to the 
method of Moore (2). Analyses for vitamin A when added as 
halibut liver oil to rat tissues or extracts of rat tissues gave values 
ranging from 95 to 104 per cent of the amount added. The method 
therefore appeared sufficiently accurate for our purpose. Identical 
results were obtained whether alcohol extracts of the tissues, or 
the tissues themselves, were saponified directly. Occasionally the 
colorimetric results were verified by means of spectrophotometric 
determinations. 

An inspection of the vitamin A stores of animals maintained on 
our stock diet (3) showed that approximately 95 per cent of the 
total vitamin A was present in the liver. Small amounts of vita- 
min A were detected in kidneys and lungs, whereas brain, blood, 
muscle, and the organs of digestion gave negative results. These 
results are in complete harmony with those of others (4-6). 


* Presented in part before the American Institute of Nutrition, Proceed- 
ings of the First Annual Meeting, New York, March 28, 1934 (J. Nutrition, 
7, suppl., 9 (1934)). 

Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
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Vitamin A was never found in the non-hepatic tissues of an ani- 
mal unless the liver also contained vitamin A. Tissues of rats 
showing deficiency symptoms contained no vitamin A, nor could 
the vitamin be detected in the non-hepatic tissues of rats which 
had been fed a low vitamin A diet until their livers just ceased to 
give a blue color with SbCl;. Extracts from such tissues showed 
no selective spectral absorption at 328 my. A determination of 
vitamin A in the liver, therefore, was deemed adequate as an 
index of the vitamin A content of the animal. 

Effect of Age and of Maternal Diet upon Liver Stores of Vitamin 
A—Variations in the vitamin A content of rats with age, reported 
previously (6, 7), have been confirmed. For these demonstrations 
female rats were fed our stock ration (3) plus greens and 5 per 
cent butter fat. These rats were allowed to suckle their young; 
the ration was available to both. Ten young selected at 7 day 
intervals were used for each determination, except with the new 
born young and those 7 days old, in which case thirty animals 
were used instead. 

In the new born young the stores of vitamin A were found to be 
very low, averaging 7? blue units! per liver; or 21 blue units per gm. 
of tissue. This decreased during the suckling period, as no 
vitamin A could be detected in the livers at an age of 1 or 2 weeks 
(Chart 1). After 3 weeks the increase in storage was rapid and 
regular so that at the end of the 7th week 206 blue units were 
contained per liver. This increase was absolute as well as relative. 
It amounted to 1.5 units per gm. of liver tissue at 3 weeks and 25.8 
units per gm. at 7 weeks. 

The addition of vitamin A to the diet of the pregnant female was 
found to increase the vitamin A content of the young. When 6 
drops of halibut liver oil (9000 blue units) were fed daily to female 
rats during the last 5 days of their pregnancy, their stores in the 
liver increased from 5000 to 27,000 blue units per liver. The 
livers of the new-born from these females contained 20 blue units 
(60 units per gm. of tissue), while the young from mothers on the 
stock ration alone, it will be recalled, averaged only 7 blue units 
per liver. The females from which these young were taken had 


1 With our instrument 3 blue units were approximately equivalent to 1 
international unit of vitamin A. 
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been kept on large meshed screen so that the young dropped 
through the meshes at birth, with no opportunity to suckle. 


210 


180 


150 


120 


30 


Blue units per liver 








Age in weeks 





Cuart 1 


The vitamin A content of the young was also found to be in- 
creased by increasing the vitamin A intake of the mother during 


lactation. 


For this demonstration female rats on the stock ration 
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were given a supplement of 9000 blue units of halibut liver oil 
daily with a medicine dropper during the 1st week of lactation. 
At the end of the Ist week the young were found to contain an 
average of 120 blue units per liver. Without this supplement no 
vitamin A could be detected. Dann (8) likewise found that milk 
is a more important channel of vitamin A transmission to the young 
than the placenta. 

The livers of stock animals, approximately 1 year of age, varied 
in their vitamin A content from 2000 to 8000 blue units per liver, 
or from 200 to 800 units per gm. of tissue. No variations depend- 
ent upon sex were observed, nor could the vitamin storage be 
correlated with the number of litters which had been reared 
successfully. Infections of the respiratory tract, likewise, appeared 
without effect on the liver stores. That respiratory infections are 
not necessarily prevented by high stores of vitamin A was clearly 
demonstrated to us in the winter of 1932-33 when an epidemic of 
respiratory trouble appeared in our stock colony. Many adults 
died of infections of the respiratory tract. Analyses of the livers 
of such animals, however, revealed a storage reserve of from 2000 
to 8000 blue units—the same range as in our normal animals. 

Utilization of Vitamin A by the Rat—To ascertain the amount of 
vitamin A which must be ingested to produce storage, rats 40 to 50 
gm. in weight were fed our standard low vitamin A diet (9). After 
4 weeks when they showed incipient symptoms of ophthalmia, 
they were fed a halibut liver concentrate dissolved in cottonseed 
oil. Upon analysis of the livers an occasional faint trace of color 
was obtained from a rat which had received 25 blue units daily for 
4 weeks. Animals which had received 50 blue units daily revealed 
an average storage of 50 units per liver. Inasmuch as 3 blue units 
daily restore growth and cure ophthalmia in vitamin A-depleted 
animals, it is obvious that a large excess of vitamin must be fed 
before storage results. 

In a second series we determined the rate of depletion of vitamin 
A stores in our animals after their transference to a low vitamin A 
diet. By way of preparation, forty rats, 70 to 110 gm. in weight, 
were fed halibut liver oil equivalent to 1000 blue units daily, for 8 
days. The vitamin A content of their livers was found to average 
1826 units. The remaining animals were then put on the low 
vitamin A ration and were killed for analysis at intervals. The 
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number of units which were lost daily was found to vary directly 
with the amount in storage (Table I). 

Vitamin A Losses after Ingestion—To determine the ratio of 
vitamin A stored to that ingested we proceeded as follows: Rats 
21 to 28 days old, weighing 40 to 50 gm., were fed our low vitamin 
A diet until they showed a loss in weight and severe symptoms of 
ophthalmia. They were then fed single doses of halibut oil in 


TaBLe I 
Rate of Depletion of High Stores of Vitamin A 




















No. of animals Time A an dose Average blue units Daly — <—— 
days 
6 1 1826 (1600-2100) 
7 30 1255 18 
5 100 480 11 
5 130 195 9 
5 150 52 7 
Taste II 


Relation of Ingested and of Stored Vitamin A to Growth and Survival of Rats 
on a Low Vitamin A Diet 











Single doses of Blue units in liver Biological efficiency 
talibut liver oil 
ue ‘ 
usta ingetod | Range | Average | Gruthen ow | Survival en on 
days days 
100 0 0 11 31 
500 14- 32 23 35 75 
1000 68-150 . 105 78 122 
5000 320-560 c 425 96 192 

















amounts ranging from 100 to 5000 blue units. After 3 days the 
amount of vitamin A in the livers was determined. Another series 
of depleted animals was fed similar levels of oil, but these were 
continued on the low vitamin A diet, and the growth response as 
well as the survival period determined. The results presented in 
Table II show that only about 10 per cent of the ingested vitamin 
A was recovered from the livers on the higher levels of administra- 
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tion. On the lowest level, i.e. on 100 blue units of halibut liver 
oil, no storage resulted. As had been observed by others (6, 10) 
the amount of storage in the liver runs parallel within certain 
limits to the amount of supplement. 

A large number of experiments in which halibut liver oil was fed 
to rats showed that in normal animals the average amount of 
ingested vitamin recovered in the liver was 20 per cent. Recently 
Davies and Moore (11) reported that 15 per cent of ingested 
vitamin A was stored in the liver, whereas the results of McCoord 
and Luce-Clausen (6) indicate that 25 to 70 per cent of the ingested 
vitamin may be stored. All workers, therefore, agree that the 
losses of ingested vitamin A are large. 

The ratio of ingested to stored vitamin A was the same whether 
cottonseed oil, mineral oil, or ethyl laurate was used as a diluent. 
When the vitamin concentrate was suspended in water, however, 
storage was relatively small. 

The losses of vitamin A incurred by incomplete absorption from 
the digestive tract were next investigated. Ten rats were fed our 
low vitamin A diet plus 5000 blue units of halibut liver oil each 
and the feces were collected for the following 48 hours. Only 160 
blue units were found to be excreted by each rat over the 2 day 
period. Feces collected both before and after this 2 day period 
were found to be free from vitamin A. Unfortunately the deter- 
minations could not be considered quantitative since an unknown 
chromogen in the extract gave a red color with the reagent. This 
substance was also present in the contents of the cecum. Never- 
theless, it was obvious that fecal excretion could account for only a 
small portion of the vitamin. 

That much of the vitamin A disappeared by destruction in the 
tract was indicated by several experiments. The first experiment 
correlated the rate of absorption from the digestive tract with the 
rate of storage in the liver. Young rats 50 to 60 gm. in weight 
were fed our low vitamin A ration for 2 days and were then given 
5000 blue units of halibut liver oil by stomach tube. Some 
animals were killed at once, and others after intervals of 3, 6, 12, 
24, or 48 hours. The livers as well as the stomachs, intestines, 
ceca, and their respective contents were removed and analyzed as 
before. Most of the absorbed vitamin was found to have been 
transferred to the liver between the 3rd and 6th hours, after which 
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the increases in liver stores were relatively small (Table III). 
Nevertheless, nearly 40 per cent of the ingested vitamin was still 
present in the tract after 6 hours. 52 per cent remained unac- 
counted for. After 48 hours the liver stores had increased to 500 
blue units, 10 per cent of the amount administered. Only 18 
units of vitamin A were located in tissues other than the liver. 
The rapid absorption of vitamin A by rats parallels a rapid absorp- 
tion by children, as observed by Clausen (12), who reports that the 
vitamin A content of the blood reaches a maximum 4 to 5 hours 
after its administration. 

Destruction of vitamin A was also revealed by a series of experi- 
ments in which there were fed equal amounts of halibut liver oil 


TaB_eE III 
Rate of Absorption of Vitamin A 

















Time after Stu units 
feeding 
Stomach Intestine Cecum Liver 
hrs. 
0 4852 0 0 2 
3 1600 2877 3 14 
6 1178 641 88 440) 
12 137 178 840 450 
24 25 67 124 456 
48 0 | 29 3 496 











over a 2 week period, but in which the size of the dose was varied. 
One group received one dose of 4000 blue units; another two doses 
of 2000 units each—spaced a week apart; a third received four 
doses of 1000 units each at 8 day intervals. Other groups received 
eight and sixteen doses during the 2 week period, the total dosage 
being 4000 units in each case. 

When the vitamin was administered in four or in eight equal 
doses over the 2 week period, an optimal storage, viz. 480 blue 
units, resulted. When the vitamin was administered in larger 
or in smaller doses, 350 units or less were stored. Evidently 
excessively large doses were mostly lost due to incomplete absorp- 
tion whereas small doses were mostly destroyed in the digestive 
tract. Destruction of vitamin A in the tract was also suggested 
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by the observation that it required more vitamin A to produce 
storage in the liver than to satisfy the daily requirements of the 
animal, as measured by the rate of disappearance of liver stores, 

Effect of Previous Intake of Vitamin A on Vitamin A Storage— 
To determine to what extent the storage of vitamin A may be 
influenced by the specific nutritive state of the animal, two groups 
of five rats each were fed our low vitamin A diet for 2 days, and 
then given 4000 blue units of halibut liver oil. The first group 
had been on a vitamin A-free diet for 6 weeks and showed severe 
symptoms of ophthalmia; the second group was composed of nor- 
mal rats, whose litter mates had a fair reserve of vitamin A per 
liver. When killed 2 days after the vitamin A had been fed, the 
stores of the normal animals had increased to 517 blue units, 
whereas the stores of the animals given the low vitamin A ration 
had increased to only 352 units. Evidently the vitamin A had 
been poorly absorbed by the depleted animals or else it was 
more rapidly metabolized. 

The effect of vitamin A depletion upon vitamin A storage was 
tested out in a second experiment. Various levels of a standard 
cod liver oil solution were fed to depleted rats for 8 weeks. With 
3 blue units daily growth was restored and ophthalmia was cured; 
with 1.5 or 0.75 blue units daily ophthalmia was not cured. Vita- 
min A storage had not occurred in any case. 4000 blue units of 
halibut liver oil were then fed to six animals of each group. After 
2 days the amount of storage was found to parallel in a general 
way the vitamin intake of the preceding weeks, in spite of the 
fact that the levels of intake had been in themselves too small to 
result in storage. For example, animals which had previously 
received 1, 0.5, and 0.25 international unit of vitamin A per 
day yielded respectively 405, 336, and 200 units. Apparently 
there had been produced in effect a vitamin deficit which had to be 
covered before storage could occur. This suggested an increased 
rate of destruction or metabolism by the tissues as the deficiency 
was increased. 

Relation between Growth and Storage—Although, in general, the 
growth and survival of rats paralleled their storage of vitamin A, 
prolonged growth and survival were frequently encountered in the 
absence of its storage. For example, 100 blue units of halibut 
liver oil, when fed to a vitamin A-depleted rat, were sufficient to 
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cure ophthalmia, to restore growth for 11 days, and to prolong 
life for 30 days (Table II). Nevertheless, this level of vitamin 
intake was not sufficient to cause storage. The same phenomenon 
was encountered when animals with low stores of vitamin A were 
depleted until they showed deficiency symptoms. Rats 50 to 60 
gm. in weight on our low vitamin A ration showed 30 blue units 
per liver. At the end of 2 weeks vitamin A was no longer detect- 
able. However, growth of the animals did not cease until 4 weeks 
later. Growth in the absence of stored vitamin A was also demon- 
strated when small amounts of the vitamin were administered. 
For example, vitamin A-depleted rats which received 3 blue units 
of cod liver oil daily for 8 weeks, grew throughout the experimental 
period, without storage of any vitamin A whatsoever. 

The discrepancy between the incidence of deficiency symptoms 
and the exhaustion of vitamin A reserves could be explained if 
vitamin A were present in the tissues in a form which escaped 
detection by the usual methods. Vitamin A, then, would in 
effect be merely a precursor of the active compound. Another 
suggestion is that vitamin A may not take part directly in ordinary 
metabolic processes but function indirectly as, for example, in the 
detoxication of certain products of metabolism. 

It was hoped that the incubation of vitamin A with tissue 
preparations might throw some light on the relatively rapid dis- 
appearance of vitamin A when fed to depleted animals. Consist- 
ent results, however, were not obtained. When the conditions of 
incubation were mild, as for example when the vitamin was exposed 
to the tissues for short periods of time, at low temperatures, or in 
the presence of an antioxidant such as hydroquinone, only slight 
destruction of the vitamin was noted. When comparatively 
drastic conditions were employed, such as an exposure of an 
aqueous suspension of the vitamin to minced tissue for 24 or 48 
hours at 37°, or an exposure of the tissue extracts to relatively 
large volumes of air, marked losses of vitamin A were noted, but 
the results obtained with tissues from depleted animals did not 
differ from those obtained with the tissues of normal rats. Oc- 
casional differences between normal tissues and those low in vita- 
min A were obtained by adding vitamin A to the minced tissues 
immersed in a 3- to 4-fold volume of 95 per cent alcohol and incu- 
bating for 24 or 48 hours at room temperature. 
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SUMMARY 
1. As measured by the SbCl; test, 95 per cent of the total vitamin 


A of the rat was found stored in the liver. The remainder was: 


located in lung and in kidney tissue. On our regular stock ration 
only traces of vitamin A were found in rats under 3 weeks of age; 
thereafter the increase in the stores was rapid and regular. 

2. The vitamin A content of new born rats was increased 
slightly by raising the vitamin A intake of the mothers during 
pregnancy; raising it during lactation increased the vitamin stores 
of the nursing young markedly. 

3. The minimum daily dose of vitamin A necessary to produce 
storage in the liver was between 25 and 50 blue units. However, 
when storage had been attained, the reserves were depleted at the 
rate of 7 to 18 blue units daily, depending upon the amount stored. 

4. When vitamin A was fed in the form of halibut liver oil, the 
amount stored in the liver was found to parallel the amount admin- 
istered, but only 10 to 20 per cent of the vitamin could be accounted 
for. When equal amounts of vitamin A were fed to normal and 
to vitamin A-depleted rats, the liver storage was greatest in the 
normal animals. When equal amounts of vitamin A were fed to 
animals in various stages of depletion, the amount stored was 
inversely proportional to the state of depletion. 

5. Whereas the growth and survival of rats on a vitamin A- 
deficient diet paralleled both their previous vitamin intake and 
their vitamin A stores, the period of growth was longer than could 
be predicted on the basis of liver stores alone. Prolonged growth 
in the absence of stored or dietary vitamin A was observed. 

6. Absorption and storage of vitamin A to a large extent took 
place within 6 hours after the ingestion of the vitamin. Vitamin 
A losses, due to destruction in the digestive tract, were large. 
Fecal elimination of vitamin A was small. 
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A NEW PROCEDURE FOR THE ESTIMATION OF BILE 
SALTS IN BODY FLUIDS BASED ON BILE SALT 
HEMOLYSIS* 


By 8S. S. LICHTMAN 
(From the Division of Laboratories and from the Medical Service of 
Dr. George Baehr, the Mount Sinai Hospital, New York) 
(Received for publication, August 23, 1934) 


The present method was devised to estimate minute amounts 
of all types of bile salts in small quantities of body fluids. 

Only conjugated bile salts are determined (1), or desoxycholic 
acid (2) or minimal amounts of bile salts (3) fail to be estimated, 
by established procedures. Colorimetric methods based on the 
original Pettenkofer reaction (4) have been criticized for lack of 
specificity (5). 

Studying the effect of sodium citrate on bile salt hemolysis, 
Williams (6) noted that this agent rendered erythrocytes more 
susceptible to the hemolytic action of bile salts. He suggested 
the possibility of application of this principle to the estimation of 
bile salts. The present study has established definite quantitative 
relationships between concentrations of citrate, bile salts, and 
erythrocytes. Furthermore, the demonstration that sodium 
citrate exercises a dual réle, on the one hand enhancing bile salt 
hemolysis, on the other deterring sodium oleate hemolysis, has 
made possible the application of hemolysis in citrate solution to bile 
salt analysis in body fluids. 

Principle 

The hemolytic activity of bile salts upon a standardized eryth- 
rocyte suspension is measured. A constant relationship between 
the hemolytic activity of the various common bile salts has been 
established. 

Desoxycholic acid was selected as a standard because of its high 
hemolytic activity. Furthermore, it is procurable in pure state. 

* Aided by Grants 250, 271, and 306 from the Committee on Scientific 


Research, American Medical] Association. 
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The results are expressed in terms of desoxycholate or “hemolytic 
equivalents” of the other bile salts. 

The minimal amount of bile salts necessary to effect complete 
hemolysis in a given time under specified conditions is defined as 
the threshold hemolytic reaction. Varying subthreshold amounts 
of desoxycholate are added to a test solution which contains less 
than the necessary minimal concentration. The content of the 
test solution is thus determined. 


EXPERIMENTAL 


Standardization of Erythrocyte Suspension and Bile Acid Mizture. 
Erythrocyte Suspension—The serum of defibrinated sheep blood is 
removed completely by centrifugation for 15 minutes at moderate 
speed. The cells are washed for 10 minutes in 5 volumes of 0.1 u 
phosphate buffer solution, then suspended in 10 volumes of fresh 
buffer, and stored in the refrigerator. Immediately before each 
test, an adequate portion of the stock suspension is centrifuged at 
moderate speed for 10 minutes, the supernatant discarded, and 
the cells suspended in 1.74 m sodium citrate solution to make a 5 
per cent suspension. The preliminary treatment with phosphate 
buffer stabilizes the erythrocyte, the phosphate ion combining 
firmly with the stroma (7). 

The erythrocyte reagent preserved in the refrigerator keeps for 
l week. In many hundred determinations the threshold hemolytic 
reaction occurred at 9 to 10 mg. per cent, most commonly at 9.3 
or 9.6 mg. per 100 cc. 

Bile Acid Mizxtures—The hemolytic activity of the bile salts 
was compared. Desoxycholate (Riedel-de Haen) was found to be 
the most active, being hemolytic in concentration of 10 mg. per 
100 ce. or 1 part in 10,000, taurocholate! 22 mg. per 100 cc., 
glycocholate? 50 mg. per 100 cc., and cholate in concentrations of 
70 mg. per cent.* 


1 Taurocholate (Merck) claimed by the manufacturers to contain 48 to 
55 per cent of taurocholate, most of the remainder being glycocholic acid. 

2 Glycocholic acid (Reidel-de Haen) and a sample prepared by E. U. 
Still, University of Chicago, recrystallized several timés. 

3 Anthropodesoxycholic acid, isomer of desoxycholic acid which occurs 
in human bile, and the choleic acids which consist essentially of desoxy- 
cholic acid were not studied for their hemolytic properties. It may safely 
be assumed that they are hemolytic. 
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In mixtures the hemolytic effect of subthreshold fractions of 
individual bile salts was found to be precisely additive; e.g., 50 
per cent of the desoxycholate threshold combined with 50 per 
cent of the cholate threshold produced complete hemolysis (Table 
I). Thus by the addition of subthreshold amounts of any bile salt 
to any unknown mixture, its bile salt content may be determined 
and expressed in terms of equivalents of the known salt. 














TasBie | 
Summation of Hemolytic Activity of Mixtures of Subthreshold Fractions of 
Bile Salts 
Subthreshold fractions 
. A 
migre Desoxycholate Cholate Glycocholate Oleate : ante Hemel- 
oO. 
Mg. %* Mg. % Mg. % Ms.%| %* 
9.6 80 50 0 
—— per cent ~ per cent ee” 9 per cent ef per cent|per cent 
1 4.8 50 40 50 0 0 0 0 100 + 
2 4.5 47 40 50 0 0 0 0 97 ~ 
3 3.9 41 0 0 30 60 0 0 101 + 
4 3.6 38 0 0 30 60 0 0 98 - 
5 3.6 38 24 30 16 32 30 0 100 + 
6 3.3 35 24 30 16 32 30 0 97 - 



































Standard Hemolytic Thresholds—Desoxycholate, 9.6 mg. per 100 cc.; 
glycocholate, 50.0 mg. per 100 cc.; cholate, 80.0 mg. per 100 cc.; oleate, no 
hemolysis in 15 minutes. 

+ signifies that the sheep erythrocyte suspension in standard buffered 
citrate is completely hemolyzed at the end of 15 minutes; — signifies the 
absence of, or partial hemolysis at the end of 15 minutes. 

* The fraction of a threshold in per cent of any component in the mixture 
of bile salts is determined by dividing its concentration in the mixture by 
the concentration of this bile salt giving the standard threshold reaction 
multiplied by 100. 


Hemolytic equivalents have been established for cholate and 
glycocholate by comparing minimal concentrations necessary to 
effect complete hemolysis in 15 minutes. Desoxycholate in mg. 
per cent may be translated approximately into cholate equivalents 
by multiplying by 7.6, into glycocholate by multiplying by 5.0. 
Determinations made on sixteen different sheep bloods for cholate 
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hemolytic equivalents gave results varying between 6.6 and 8.6. 
In ten determinations made for the “glycocholate equivalent” the 
results varied between 4.5 and 5.7. For exact quantitative studies 
expressing results in terms of glycocholate or cholate their hemo- 
lytic equivalents must be determined on the same blood simul- 
taneously with the desoxycholate threshold. 


Cholate 


Oleate 


s 


per 100cc. 
rs 


Bile salf, mo. 
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$ 5 
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“——— .__Desoxych olate 
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Sodium Citrate-Molar Concentration 

Fig. 1. The effect of sodium citrate concentration on the minimal bile 

salt and sodium oleate concentrations necessary to effect complete hemol- 

ysis in 15 minutes. 0.07 m concentration phosphate buffer, pH 7.0, in each 

tube; 0.3 cc. of 5 per cent sheep erythrocyte suspension in varying citrate 
concentrations. Total volume of each tube, 1 cc. 
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In conjunction with other established methods, the hemolytic 
equivalents may assist in the determination of bile salt partitions 
of body fluids. 

Velocity of Hemolysis—The rate of hemolysis is influenced by 
the concentration and type of bile and other salts. 0.07 m con- 
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centration of phosphate buffer solution preserves erythro- 
cytes. 

With increasing concentrations of sodium citrate, lower con- 
centrations of bile salts are necessary to effect complete hemolysis 
in 15 minutes (Fig. 1). 

For estimation of bile salt hemolysis the following concentrations 
of citrate and phosphate have been found optimal: 0.52 m sodium 
citrate and 0.07 m phosphate buffer pH 7.0. Under these condi- 
tions bile salt hemolysis approaches completion while sodium oleate 
hemolysis has not begun in 15 minutes (Fig. 1). Oleate permitted 
to act 30 minutes or more begins to produce partial hemolysis. 

Influence of Hydrogen Ion Concentration on Bile Salt Hemolysis— 
Sheep erythrocytes washed in phosphate buffer solutions pH 7.0, 
7.3, 7.6, respectively, and suspended in 20 volumes of 1.74 m 
sodium citrate were then added to phosphate buffer solutions of 
corresponding hydrogen ion concentration to make a final 0.07 m 
phosphate and 0.52 m citrate concentration. Decrease in hydro- 
gen ion concentration markedly accelerated bile salt hemolysis; 
with a concentration of 9.6 mg. per 100 cc. of desoxycholate com- 
plete hemolysis occurred in 25 seconds at pH 7.6, in 45 seconds 
at pH 7.3, in 10 minutes at pH 7.0 (Fig. 2). 

At pH 7.0, however, phosphate-citrate mixtures are more effec- 
tively buffered than at pH 7.6. Furthermore, too rapid hemolysis 
makes readings impossible where several determinations are made 
simultaneously. Moreover, erythrocytes are better preserved with 
less clumping at pH 7.0 than at 7.6. For these reasons pH 7.0 
was adopted. 

Temperature—The entire procedure is carried out at ordinary 
room temperature. 

Specificity—Substances present in body fluids or those added 
during the procedure have been eliminated as hemolytic agents. 
Urea, glucose, sodium chloride, cholesterol, uric acid, phenol, 
cresol, and acetone within concentrations present in normal and 
pathological fluids have been found to be non-hemolytic. 

The differential effect of citrate between bile salt and oleate 
hemolysis however eliminates soaps as sources of error. Quantita- 
tive readings, at 15 minutes precisely, determine only the bile salt 
content of a mixture which contains even an overwhelming 
amount of sodium oleate. 














722 Bile Salts in Body Fluids 


Quantitative studies of the bile salt content of body fluids on 
the basis of the Neufeld phenomenon (8), i.e. lysis of the pneu- 
mococcus by bile salt, gave essentially the same results. It 
required the addition of analogous subthreshold amounts of bile 
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Fig. 2. The influence of hydrogen ion concentration on the rate of bile 
salt hemolysis. 0.52 mM concentration of sodium citrate in each tube; 0.07 u 
concentration of phosphate buffer, pH 7.0, 7.3, 7.6 respectively; 0.3 cc. of 
5 per cent sheep erythrocyte suspension in final volume of 1 ec. 


salts to those already present in the body fluids to produce the 
lysis of either erythrocytes or pneumococci. 

A standardized pneumococcus Type I suspension was employed. 
For the determination of bile salt content of body fluids by the 
bacterial method, advantage was taken of the observations of 
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Bayer (9) and of Falk and Yang (10) that increasing concentra- 
tions of sodium chloride accelerate bile salt lysis of pneumococci 
and the observation of Falk and Yang (11) that 0.85 per cent saline 
inhibits oleate lysis of pneumococci. 

Sensitivity—Protein diminishes or prevents bile salt lysis. 
Body fluids must be rendered protein-free. In quadruplicate 
determinations, the hemolytic threshold for desoxycholic acid 
checked to 0.1 mg. percent. In body fluids duplicate tests checked 
to 0.3 mg. per cent. 


Procedure 


Reagents 

Erythrocyte Suspension—The stock suspension of sheep erythro- 
cytes prepared as described above is centrifuged in two lots of 
about 10 ce. The packed cells of one are then suspended in 1.74 m 
sodium citrate solution to make a 5 per cent suspension. This is 
used for the threshold and preliminary test fluid titrations. When 
the final titration of the test solution is made, the second lot of 
packed cells, after removal of the supernatant phosphate buffer 
solution, is freshly treated with sodium citrate. In the interim, 
the buffered packed cells are kept in the refrigerator. 

Sodium Citrate Solution, 1.74 M—51.2 gm. of NasCsH;O;-2H,O 
are dissolved in 70 ce. of water with the aid of heat and then made 
up to 100 ce. 

1,53 mm Desoxycholate Solution—60 mg. of desoxycholic acid 
(Riedel-de Haen) are dissolved in a slight excess of 0.1 N sodium 
hydrate, 2.1 cc., and the volume made up to 100 ce. with phosphate 
buffer solution pH 7.0. 

0.1 m Phosphate Buffer Solution, pH 7.0—5.29 gm. of KH,PO, 
and 21.89 gm. of Na,HPO,-2H;0 are dissolved in a liter of dis- 
tilled water. 


Determination of Standard Threshold Hemolytic Reaction 


The minimal volume of 1.53 mm sodium desoxycholate solution 
which will effect complete hemolysis is determined. Tubes, size 
10 X 77 mm., are filled as follows: 0.17 to 0.14 ce. of 1.53 mm 
desoxycholate solution, representing concentrations between 10.2 
and 8.4 mg. per cent, are added with a pipette calibrated to 0.001 
ec. Buffer solutions, pH 7.0, are then added to 0.7 ce. in each 
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tube (Table II). After the addition of 0.3 cc. of erythrocyte 
suspension, the mixtures are agitated vigorously and the tube 
containing the minimal amount of desoxycholate with complete 
hemolysis in exactly 15 minutes is determined. Tubes in which 
complete hemolysis has taken place are easily recognized when 
viewed against transmitted daylight or a daylight electric bulb by 
their perfect transparency and absence of sediment of erythrocytes, 
The transition between tubes with complete and partial lysis is 
sharp and offers no difficulty. 

A more definitive threshold is finally determined within a closer 
range in tubes with gradations of 0.1 mg. per cent desoxycholate 
when a less concentrated (0.51 mm) solution is used. 


Bile Salts in Blood 


Extraction of Blood—A minimum of 3 cc. of oxalated whole 
blood is necessary; 6 to 9 cc. are preferable. The proteins are 
precipitated by the slow addition of 8 volumes of alcohol to 1 
volume of blood. Chilling for 30 minutes at freezing temperature 
and the use of barium hydroxide assure clear filtrates. The chilled 
mixture is carefully filtered. The precipitate is washed with about 
5 ec. of alcohol. 0.5 cc. of saturated barium hydroxide is added 
to the filtrate and then evaporated on the water bath to complete 
dryness. The residue in the evaporating dish is washed with 
5 ec. of petroleum ether, of high boiling point, just brought to a 
boil on the water bath. The ether washing is decanted, avoiding 
loss of residue. The mixture is just evaporated to dryness in the 
same dish. The residue is now recovered quantitatively in as 
many cc. of phosphate buffer pH 7.0 as cc. of blood were extracted 
if 6 cc. or more were originally used. Otherwise recovery is made 
in twice as many cc. of buffer. 

The buffered extract is further chilled for 15 minutes, then 
centrifuged, and the supernatant bile salt extract is ready for 
determination. Repeated chilling and centrifugation may be 
necessary if the filtrate is not perfectly clear. 

The extract is added in 0.5 cc. amounts to a series of tubes to 
which 0.170 to 0.105 ce. of 1.53 mm solution of desoxycholate has 
been added, representing concentrations between 10.2 and 6.3 mg. 
per cent. The volume in each tube is made up to 0.7 cc. with 
phosphate buffer before 0.3 cc. of 5 per cent erythrocyte suspension 
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is added (Table II). The mixtures are agitated vigorously and 
the results read precisely in 15 minutes. Complete hemolysis is 
noted. In doubtful tubes comparison with the tube containing 
the threshold concentration of desoxycholate added to the un- 
known is made. 

In pathological bloods with unusually high bile salt content 
further dilution of the extract with buffer solution may be neces- 
sary to bring the determination within the desired range. Such 
concentrations have not been encountered by us thus far in patho- 
logical bloods. 

Calculation—(Desoxycholate concentration of standard thresh- 
old reaction) — (subthreshold concentration which just gives 
complete hemolysis in unknown) X dilution factor = concentra- 
tion of bile salts expressed as desoxycholate (mg. per 100 cc.). 
The dilution factor is 2 if the bile salts are taken up in a volume of 
buffer equal to the original volume of blood used, since 0.5 ce. of 
extract is diluted to 1 cc. The dilution factor is 4 if buffer equal 
to twice the original volume of blood is used. 

Bile Salt Content of Normal Blood—The bile salt content of 
whole blood has been found to vary between 0.5 and 4.0 mg. per 
100 cc. in terms of sodium desoxycholate. Examinations were 
made in twenty-five normal donors or individuals with minor 
medical ailments and free of liver disease. In a limited number of 
observations on whole blood from subjects with liver disease the 
maximum bile salt content thus far encountered has been 10 mg. 
of desoxycholate per 100 cc. 


Determination of Bile Salts in Urine 


The procedure is identical with that in blood. 8 to 10 ce. of 
urine are extracted with alcohol. The bile salts are recovered in 
the same amount of buffer solution (Table II). 

Calculation—The method is the same as for blood. The factor 
of dilution, the standard threshold concentration of desoxycholate, 
and the subthreshold amounts added enter into the calculation. 

Bile Salts in Normal Urine—The bile salt content of normal urine 
has been found to vary between 0.5 and 4.0 mg. per 100 ce. in 
terms of desoxycholate. The urines of twenty-five normal sub- 
jects were examined. In a limited number of observations on 
urines from patients with liver disease increases in bile salt content 
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as high as 8 mg. per 100 ce. of desoxycholate equivalents have 
been encountered thus far. 


Determination of Bile Salts in Bile 


The procedure is slightly different from that in urine and blood 
because of the high bile salt content of bile. 

1 ec. of bile is carefully measured and slowly precipitated with 
30 to 40 ce. of aleohol. The mixture is chilled for 30 minutes at 
freezing temperature and then filtered clear. 3 cc. of saturated 
barium hydroxide are added to the filtrate which is evaporated to 
complete dryness on the water bath. The residue is extracted 
with 15 ec. of high boiling point petroleum ether just brought to a 
boil on the water bath. The ether washing is decanted. Care is 
exercised to avoid loss of residue. The residue is thoroughly 
mixed in the evaporating dish with 10.5 cc. of 1 per cent sodium 
sulfate solution, then evaporated just to dryness. The residue is 
quantitatively recovered in 10 cc. of phosphate buffer solution 
pH 7.0. After centrifugation, the supernatant extract is ready 
for the determination. 

If 0.7 ec. of extract (1:10 dilution) or 0.1 cc. of this diluted ex- 
tract further diluted to 0.7 cc. with buffer solution hemolyzes 0.3 
ec. of erythrocyte suspension, the 1:10 extract is diluted to 1:20 
with buffer and the procedure carried on as in Table II. If no 
hemolysis occurs in 15 minutes in this preliminary orientation test, 
subthreshold concentrations of desoxycholate are added as with 
blood and urine (Table II). This is necessary only in pathological 
biles devoid of or poor in bile salts. The final estimation in any 
event is made in a more narsowly restricted range of dilution 
(Table II). 

Calculation—As in blood, the factor of dilution, the standard 
threshold desoxycholate concentration, the subthreshold concen- 
trations of desoxycholate, if added, enter into the calculation. 
Results are expressed in gm. per cent. 

Bile Salt Content of Normal Bile—The content of cadaver gall- 
bladder bile in thirty subjects without liver and gallbladder disease 
varied between 0.96 and 4.80 per cent of desoxycholate equivalents. 
In pathological cases marked decreases were found. 
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Recovery of Bile Salts Added to Body Fluids 


When varying concentrations of desoxycholate, cholate, and 
glycocholate were added to normal and pathological blood, urine, 
and bile over 90 per cent could be recovered (Table III). Varying 
concentrations of sodium oleate added did not influence the 
quantitative recovery of bile salts. 








TasBie III 
Recovery of Bile Salts Added to Body Fluids 
Desoxy- 
Desoxy- | cholate 
Bile salt added Body fluid | cholate | equiva- Amount recovered 
present lents 
added* 
yng af mg. per 100 ce. per cent 
Desoxycholate | Blood 4.2 pe 5.44 <6.0]| 92-<101 
= 4.2 3.4 7.2- <7.8| 96-<102 
a 6.0 14.4 19.2- <20.4| 94-<100 
Bile 156.0 | 120.0 | 265.0-<280.0 | 99-<101 
Urine 3.0 1.3 4.2- <4.5| 98-<105 
Cholate Blood 4.2 2.4 6.6—- <6.9 | 100-<105 
“e 3.0 3.6 6.6—- <6.9 | 100-<105 
Bile 156.0 94.2 | 246.0-<256.0 | 98-<102 
Urine 3.0 1.8 4.8- <5.1] 100-<106 
Glycocholate Blood 4.2 2.5 6.6- <6.9 | 98-<103 
Urine 3.0 2.1 5.0- <5.3| 99-<104 




















*Cholate and glycocholate added were translated into desoxycholate 
by means of hemolytic equivalents determined on the same sheep erythro- 
cyte suspensions. 


Comment 


The demonstration of bile salts in concentrations varying 
between 0.5 and 4.0 mg. of desoxycholate equivalents per 100 
ec. in normal whole blood merits comment. Evidence for the 
presence of bile salts in normal blood could not be adduced by 
Walker (5) nor by Jenke and Steinberg (12). However, the pos- 
sible influence of desoxycholic acid by itself or in mixture with other 
bile salts on colorimetric and spectroscopic determinations was 
ignored. Approximately a 5-fold concentration of desoxycholic 
acid is required for spectroscopic demonstration with the Petten- 
kofer reaction as compared with cholic acid. 
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The concentrations of bile salts found in the blood are not toxic. 
Even higher concentrations are rendered non-toxic in the presence 
of blood proteins (13-16). In the presence of plasma approxi- 
mately 15 times the concentration of desoxycholate is necessary 
to effect complete hemolysis. 

The bile salts found in blood and urine, though expressed in 
terms of desoxycholate equivalents, represent all types of bile 
salts. Since desoxycholate is over 7 times as hemolytic as cholate, 
it must be appreciated that pathological increases in these latter 
salts may only appear as slight increases in terms of desoxycholate. 
Therefore, such slight increases must be regarded as significant. 
Should unusually high figures be obtained, the increase may 
actually be mainly in the form of desoxycholate, as such an increase 
translated into terms of the other bile salts might give figures 
incredibly high. Unusual increases of this type of bile salt in 
body fluids may prove to be of physiological and clinical signifi- 
cance especially since desoxycholic acid is highly reactive both 
chemically and biologically. 


SUMMARY 


A procedure for the estimation in terms of desoxycholate of 
minute amounts of all types of bile salts in body fluids has been 
devised based on the hemolytic property of bile salts. The results 
expressed as desoxycholate can be translated into cholate and 
glycocholate by means of hemolytic equivalents. 

The bile salt content of normal blood, urine, and bile has been 
determined. Normal blood and urine contain concentrations 
between 0.5 and 4.0 mg. of desoxycholate per 100 cc. or its equiva- 
lent. Normal cadaver gallbladder bile contains between 1 and 5 
per cent desoxycholate or its liemolytic equivalent. 

The interfering hemolytic influence of fatty acids and soaps 
has been obviated. 


Expert technical assistance was rendered by Mr. A. L. Lichtman 
and Miss Leah Kaplan. 
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LIVER GLYCOGEN, WITH A NOTE ON THE BLOOD SUGAR 
LEVEL 


By M. CAROLINE HRUBETZ anv LOUIS B. DOTTI 


(From the Department of Physiology, College of Physicians and Surgeons, 
Columbia University, New York) 


(Received for publication, July 25, 1934) 


During a series of terminal experiments on rats in this labora- 
tory, we have accumulated considerable data on the liver glycogen. 
At the same time, it was possible to collect blood for a comparison 
of the sugar values in blood obtained by decapitation and by vene- 
section. Some of the results are given below. 

All the animals were fed normally. They had been raised in 
this laboratory on the normal ration for breeding used by Dutcher, 
Creighton, and Rothrock (1). The rats were decapitated and 
after a few cc. of blood were collected in a dish containing a little 
powdered potassium oxalate, the liver was removed and placed 
in hot alkali. The entire procedure required not more than 1 
minute. The liver glycogen was determined by Pfliiger’s method 
(2) and the blood sugar by both the Shaffer-Hartmann method (3) 
and the Somogyi micromethod (4). 

On 112 observations, the following results were obtained. 














Calculation Mean Pi ~- g - 
en Ean aha kewaekebaes 158.0 
Glycogen per liver, per cent..............000005 1.78 0.68 
” “ 100 gm. body weight, mg.......... 54.6 25.0 
NE Sc irc ci ea aah eadsskiaes 8.45 2.6 
P TE I GA, On a ines ksickn ees 3.0 





The values for glycogen per cent are somewhat lower than those 
obtained by Cori, Cori, and Buchwald (5) who publish 2.44 per 
cent as an average of eight animals. This difference may be 
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accounted for by differences in nutritional conditions as the result 
of different diets. However, their small number of observations 
might easily have fallen in the upper range of glycogen values. 
In fact, their standard deviation of only 13 as compared with 
ours of 25 mg., may be taken to indicate that their figures do not 
represent the probable range which is to be expected for the animal. 
This is a very common occurrence with series as short as was that 
of Corietal. Chart 1 shows the range of distribution for the results 
presented here. 
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Cuart 1. Distribution chart showing range of variation for liver glycogen 





The coefficients of correlation (r) for liver weight, mg. of glycogen, 
and body weight were calculated according to Pearson’s formula 
(6). The results are as follows: 








Calculation r 
RE BI ci viiernciciediicckcosscndands ven ndus 0.83 
“ weight and mg. glycogen................eeeseeeees 0.69 
Body “ 7) 7 Sees eicn 4a maw skal 0.43 





According to these figures, the body weight is the least indicative 
of the amount of liver glycogen present. 

Since the necessary materials were available in this experiment, 
it was thought worth while to compare the blood sugar values 
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obtained by decapitation with those on blood obtained by venous 
puncture, our usual procedure (7). Table I summarizes these 
results. From these results, it would seem that decapitation 
gives higher blood sugar values than does venesection. 

























TaBLeE I 
Blood Sugar Values Obtained by Decapitation and by Venous Puncture 








Method obtaining | No.of | Bloodourr | pioodsuar | Standard, 
mg. per cent 
Decapitation 112 Macro 123 8 
" 112 Micro 122 13 
Venesection 99 7 112 10 
“ 94 “ 99 
“a 94 “ce 102 ~ 
* 97 ” 89 10 
* 97 = 91 9 
” 48 ss 102 7 
“ 48 “ 103 6 
47 i 103 5 
“ 48 “ 104 7 

















SUMMARY 


1. The values for liver glycogen on 112 rats are summarized. 

2. Correlation coefficients are calculated for liver glycogen, 
liver weight, and body weight. 

3. A comparison of sugar values on blood obtained by decapita- 
tion and by venesection is made. 
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THE FATE OF THE ANTIRACHITIC FACTOR IN 
THE CHICKEN 


III. THE EFFECTIVE LEVELS AND THE DISTRIBUTION OF THE 
FACTOR FROM COD LIVER OIL AND FROM IRRADIATED 
ERGOSTEROL IN CERTAIN TISSUES OF THE 
CHICKEN* 


By WALTER C. RUSSELL, M. W. TAYLOR, anv D. E. WILCOXf 


(From the Department of Agricultural Biochemistry, New Jersey 
Agricultural Experiment Station and Rutgers University, 
New Brunswick) 


(Received for publication, September 18, 1934) 


It is well known to investigators who are concerned with the 
antirachitic factor, that antirachitically equivalent amounts of cod 
liver oil and irradiated ergosterol, determined curatively with the 
rat, do not promote the same bone formation response in the chicken, 
when they are fed upon a preventive basis. Thus Massengale 
and Nussmeier (1) found that the number of units of irradiated 
ergosterol required to produce a normal bone ash was 100 times 
the number required when cod liver oil was used. Mussehl and 
Ackerson (2) have reported that the feeding of irradiated ergosterol 
to the extent of 25 times an effective cod liver oil level failed to 
afford protection. Steenbock and associates (3) found the irra- 
diated ergosterol requirement to be from 40 to 120 times the 
amount of the antirachitie factor fed in 1 per cent of the cod liver 
oil. More recently Bethke, Record, and Kennard (4) have placed 
the irradiated ergosterol requirement at 15 to 20 times that of cod 
liver oil. 

It was the purpose of this investigation to compare further the 


* Journal Series paper of the New Jersey Agricultural Experiment 
Station, Department of Agricultural Biochemistry. Presented before the 
American Society of Biological Chemists at New York, March, 1934 (J. 
Biol. Chem., 106, Ixxiv (1934)). 

t Acetol Products Industrial Fellow. This investigation was conducted 
under a fellowship grant from Acetol Products, Inc., New York. 
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feeding of cod liver oil and irradiated ergosterol to the chicken in 
order to determine: (1) whether normal birds, with respect to 
body weight and appearance, at 8 weeks and as the pullets entered 
egg production, can be produced if a sufficient quantity of irra- 
diated ergosterol is fed, (2) in view of the lack of agreement among 
investigators as to the irradiated ergosterol requirement as related 
to that of cod liver oil, the minimum number of Steenbock units, 
in the case of each source of the factor, necessary for the production 
of normal birds, (3) the distribution of the antirachitic factor in 
certain tissues of the chicken, a knowledge of which might serve 
to explain the difference in response to the two sources of the 
factor, and (4) the egg production by pullets and the antirachitic 
potency of the eggs. 


Experiment I. Studies at 8 Weeks of Age 


Procedure—The general procedure was that usually followed in 
experiments of this type (5). Day-old white Wyandotte chicks 
were used and from the outset were fed the following basal ration, 
with the various supplements: ground yellow corn 47 per cent, 
wheat middlings 20 per cent, wheat bran 15 per cent, meat scrap 
9 per cent, dried skimmed milk 5 per cent, oyster shell 3 per cent, 
and sodium chloride 1 per cent. The supplements were added to 
the basal ration in sufficient corn oil to make the amount of oil 
added for each lot, including the basal, 2 per cent of the weight of 
the ration. The cod liver oil and irradiated ergosterol were from 
supplies which had been assayed a number of times by the line 
test method, essentially as outlined by the Wisconsin Alumni 
Research Foundation. The values obtained resulted from supple- 
ments at several levels, 10 to 20 per cent above and below the level 
finally accepted as a unit level, and were not of the “not less than” 
type. The potency of the cod liver oil was 22 Steenbock units 
per gm. The amounts of the supplements and the numbers of 
birds used are shown in Table I. Individual bone ash determina- 
tions were made at 8 weeks of age, on the left tibia, by the method 
described in an earlier paper (6). At the same time Ca (7) and 
inorganic P of the serum (8) were determined upon individual 
samples of heart blood. The line test method, mentioned above, 
was used in the determination of the antirachitic potency of the 
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Results—Upon the basis of bone ash values, Table I, the four 
groups which received cod liver oil are considered to be within the 
normal range for this species and ration. The group which was 
fed 12z irradiated ergosterol had a bone ash value and body weight 
definitely below the normal range. The letter x used here and 
in Tables I to IV in connection with the levels of irradiated 
ergosterol refers to the number of rat units in the 1 per cent level 
of the cod liver oil employed. The percentage bone ash of the 
group fed ergosterol at the 242 level is significantly lower than the 


TABLE I 


Summary of Supplements Fed, and Average Body Weights and Bone Ash 
Percentages at 8 Weeks of Age 




















Steen- |Average 
Lot No. an — “ Ave bone ash = 
N 0. Supplement +A per | chicks | and peahabie error |of varia- 

100 gm.| at 8 tion 

food wks. 

gm. per cent per cent 

1| 2% cod liver oil 12| 44 515 | 47.87 + 0.232 | 2.5 
2/ 1% sg ~ oe 15 22 549 | 48.60 + 0.209 | 2.5 
3/| 0.5% “ 7 15 ll 605 | 49.83 + 0.222 | 2.6 
4/| 0.25% “ ia 15 5.5) 546 | 48.69 + 0.271 3.2 
5 | 12z* irradiated ergosterol | 15 | 264 505 | 43.65 + 0.466 | 6.1 
6 | 24x ” " 15 | 528 520 | 46.70 + 0.292 | 3.6 
7 | 482 ° " 14 |1056 611 | 48.01 + 0.280 | 3.2 
8 | 96x = 15 |2112 542 | 47.13 + 0.289 | 3.5 
9} 1922 ” “8 15 |4224 600 | 47.29 + 0.326 | 3.9 
10 | Basal 15 364 | 40.68 + 0.560 | 8.2 














* x = 1 percent cod liver oil. 


values for the groups recéiving 1.0, 0.5, and 0.25 per cent cod liver 
oil and the group fed 48z irradiated ergosterol from the statistical 
standpoint; but there is no significant difference between this 
group and those receiving 2 per cent cod liver oil, 962 or 192z 
ergosterol. The inorganic P of the serum of the 127 group was 6.4 
mg. and of the 24x group, 6.7 mg. per 100 ce., whereas the values 
for the other test groups were 7.0 mg. or higher. Hence the 24x 
group would be classed as slightly below normal or a border line 
case, but the 482 group is definitely within the normal range with 
regard to bone ash percentage, blood phosphorus, and body weight. 
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The number of units of the antirachitic factor per 100 gm. of the 
ration which contained 482 irradiated ergosterol was 1056 and is 
192 times the number, 5.5 units, in 100 gm. of ration in which 0.25 
per cent of the cod liver oil was incorporated. A ration containing 
362 irradiated ergosterol might produce a normal bone ash percent- 
age because at the 24z level the average values for bone ash, inor- 
ganic P, and body weight were only slightly subnormal. If this 
were the case, the number of units of irradiated ergosterol required 
would be 144 times the cod liver oil requirement. The 0.25 per 
cent level of cod liver oil may not be the minimum protective level 
but it is probably very close to it. If the level were less than this, 
the ratio of units in the form of irradiated ergosterol to those of 
cod liver oil would be even greater. At the higher levels, 96z and 
192z irradiated ergosterol, the bone ash values are a little lower 
than at the 48z level. Whether this is due to the larger amount of 
irradiated ergosterol or to individual variations within groups is 
not known. Hence in our hands the number of units of the anti- 
rachitic factor in the form of irradiated ergosterol required for 
normal bone formation and growth is 192, or possibly 144, times 
the number of units in the form of cod liver oil. This is a higher 
value than those reported by other investigators (1-4), but the 
data presented in previous reports, with the exception of those by 
Bethke and associates, do not deal with minimum protective levels. 
Differences in the interpretation of rat assays might be an impor- 
tant factor in accounting for the difference between our results 
and those of Bethke and associates. 

At the 0.25 per cent level of cod liver oil, 5.5 Steenbock units of 
the factor are present in 100 gm. of ration. This amount afforded 
normal bone formation and body weight at 8 weeks of age and it 
is not likely that the next lower level, 0.125 per cent, 2.75 units, 
would have been adequate. According to the data of Bethke and 
associates (4), 2 to 4 units per 100 gm. of ration are inadequate 
and they state that approximately 7 units of cod liver oil vitamin 
D per 100 gm. of ration are required for normal calcification. 
More recently Murphy, Hunter, and Knandel (9) have reported 
results from which it may be calculated that the minimum protec- 
tive level is 6.25 units per 100 gm. of ration. By doubling the 
minimum adequate values just mentioned, in order to provide a 
margin of safety in practical use, the values become 14 units 
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(Bethke et al.), 12.5 units (Murphy et al.), and 11 units, accord- 
ing to the present investigation, per 100 gm. of ration. Hence, 
according to the results of three independent laboratories, the re- 
quirement of vitamin D from cod liver oil for the chick up to 8 
weeks of age can be met safely by 10 to 15 Steenbock units per 
100 gm. of ration. The Ca and P contents of the rations used by 
the three laboratories were of the same order. 

The appearance and feathering of the birds receiving cod liver 
oil and of the 48z, 96z, and 192z groups were considered normal 
and the average body weights (Table I) at 8 weeks of age within 
the normal range, with the possible exception of that of the group 
which received 2 per cent cod liver oil. 

The livers of the birds killed at 8 weeks of age were assayed to 
determine whether storage of the antirachitic factor had taken 
place. Comparisons were made upon the basis of 0.2 of a liver, 
all livers of a group being sampled for a single supplement. Hence 
if + cures were obtained a whole liver would contain 5 rat units. 
The results presented in Table II show definitely that the livers 
of the groups receiving 2 per cent and 0.25 per cent cod liver oil 
and those receiving 12z irradiated ergosterol contained consider- 
ably less than 5 rat units per liver. At least 5 rat units per liver 
were present in the livers of the 24x group and the groups on the 
higher levels of ergosterol showed a marked storage of the factor. 
The degrees of cure obtained in the rats were greater as the amount 
of the factor ingested was increased, suggesting a flooding of the 
liver with this form of the factor. 

As indicated above, the group fed 24z irradiated ergosterol was 
slightly below normal, or was at least a border line case, yet the 
livers showed a higher content of the antirachitic factor than did 
those of the adequately protected cod liver oil-fed groups. Fur- 
thermore the bone ash values of the 96z and 192z groups are slightly 
lower than those of the groups receiving cod liver oil, yet the 
livers from these groups have a relatively large amount of the 
factor present. These facts suggest that the antirachitic factor, 
stored in the liver of the chick which has been fed irradiated ergos- 
terol, is a form to which the rat responds but which is not effective 
in the chick. Hence, two, or even more, antirachitic factors may 
be present in irradiated ergosterol, one of which iis effective in 
both the chicken and the rat and the other only in the rat. This 
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suggestion has been made by Bethke and associates (4). The 
argument may also be advanced that there is more than one 
vitamin D in cod liver oil and that a form is present in the livers 
of the chicks fed cod liver oil to which the chick responds but 
which is not effective in the rat. 

In an earlier experiment with chicks at 8 weeks of age on the 
same experimental régime as that employed in the present investi- 
gation, the antirachitic factor was not detected in the pooled bile 
from as many as five chicks each from groups which had received 
1 per cent of cod liver oil, 22 units per 100 gm. of ration, irradiated 


TABLE II 


Assay of Antirachitic Factor in Chicken Livers (8 Weeks of Age) 


























Frac- 

tion of 
Lot ’ liver 
No. Supplement fed to chicken F fed Rat response 

“assay. 

period 
1 | 2% cod liver oil 0.2)-,->-——>- 
4 0.25% “ce “ “ 0.2 -, -, is 
5 | 122 irradiated ergosterol | 0.2 ,—7>+ 

0.5 | +, (+) 

1.0| ++, ++ 
6 | 242 ad ” 0.2 +(+), +(+), +(+), +,+,4.7T 
7 | 482 “ “ 0.2) +(++), ++, +++, +++ 
8|%2 “ “ 0.2| +++, +44, +44, +++ 
9| 1922 “ . 0.2) +++, +4+4++, +4++4+, ++++ 





ergosterol equivalent to 6 per cent of cod liver oil, 132 units per 100 
gm. of ration, and the unsupplemented basal ration. The amount 
of irradiated ergosterol used did not promote normal bone forma- 
tion. The examination of the bile was made to determine whether, 
on account of its high sterol content and the fact that it passes 
into the intestinal tract, this body fluid served as an excretory 
route by which the factor was lost from the organism, particularly 
in the case of irradiated ergosterol. The facts obtained did not 
support this hypothesis and do not account for the inefficiency of 
irradiated ergosterol in the chicken. 
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Experiment II. Studies at 21 to 26 Weeks of Age 


Procedure—After the selection had been made for studies at 8 
weeks of age, the remainder of each group was separated according 
to sex. The birds which had received the several levels of cod 
liver oil were grouped and fed at the 1 per cent level. Likewise 
the groups receiving 12x and 242 irradiated ergosterol were com- 
bined at the 242 and the 482, 96z, and 192z groups at the 96x 
level. All of the new groups were fed the same basal, all-mash 
ration described under Experiment I. 

The line test method mentioned under Experiment I was 
employed for the determinination of antirachitic potency. The 
various tissues, Table III, were fed as daily supplements during a 
7 day period, except in the case of the bones, an ether extract of 
which was incorporated in 50 gm. of the basal ration. Citrated 
whole blood was used and the solid elements separated by centri- 
fuging. The solid elements were washed with 0.9 per cent sodium 
chloride and the washings added to the plasma. They were fed 
as a suspension in 0.9 per cent sodium chloride solution. Egg 
yolk was suspended in a 1 per cent sodium chloride solution and 
fed as a separate supplement. 

Results. Cockerels—Cockerels, 21 weeks of age, were selected 
for comparative assays of the factor in various tissues because it 
was thought that the amount of the factor found might represent a 
more constant condition than in the pullets whose bodies were 
probably undergoing changes preparatory to egg production. 
Comparisons were made of the groups receiving 1 per cent cod 
liver oil and 24z irradiated ergosterol. 

In the case of cockerels at 21 weeks of age, as in the case of 8 
week-old birds, the livers of the cod liver oil-fed birds contained 
less than 5 units of the faetor, whereas those of the 242 irradiated 
ergosterol-fed birds contained at least this number (Table III). 
It will be recalled that at 8 weeks of age, normal bone formation 
had taken place in the group receiving 1 per cent cod liver oil but 
that the bone ash percentage was slightly subnormal in the 242 
group. At 21 weeks, however, the cockerels of the two groups 
were considered normal. 

The question was raised as to whether the corpuscles or other 
solid elements of the blood, particularly the red blood corpuscles, 
on account of their sterol content, were permeable to the factor 
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from one source and not from the other. To answer this question, 
40 cc. of citrated blood were centrifuged and the plasma and solid 
elements assayed separately. It is evident from Table III that 


TaBe III 


Summary of Assays of Antirachitic Factor (Rat Response) in Tissues of 
Cockerels (21 Weeks of Age) 














g g ¢ é 
£6 Amount : 
s|4\% a 243 388 of liver* uf 
zi 3| 8 = | 8s $53 
Ble] a. ‘a2 S30 ce 2 SES 
S|>| 32 | G2 |s88| 2f3 a7 
8) ele% | a [s*) 8** |s] s | s lee 
gm. 
Group fed | 55 ++ 
; 1% cod +(+) 
liver oil +(+) 
56/2438 ++ |-(+) 
49/2636) Died| ++] — | +++ - + - 
+ - Died - 
+(+) 
52/2069) + + — j+(++) ~ - ~ 
Died| ++ - 
Group fed | 10)1701) — 
24rt irra- | 8/2580 + - 
diated er- | 14/2126 + |-—(+) 
gosterol 3/2098} + + —-| + - 
t+ i-j - 
1/2239} ++/)++] — | +++ + 
rw = FFF + i+(++)] - 
+(+) 
S77; + 1 ++] — | +++ ++++ 
+ +++ 



































* Average fresh weight of 0.2 of a liver was 6.6 gm. 

t 242 is equivalent to 24 times the number of rat units of the antirachitic 
factor present when 1.0 per cent of cod liver oil is incorporated in the basal 
ration. 


the solid elements are not involved in the transport of the factor 
from either source to the same extent as the plasma, the factor 
being found entirely in the plasma at the levels studied and at 
essentially the same concentration in both groups of cockerels. 
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Likewise, the concentration of the factor in whole blood was found 
to be essentially the same in both groups. In an investigation of 
the blood of cows fed excessive amounts of irradiated ergosterol, 
Hess and associates (10) found the factor in both plasma and 
corpuscles, the concentration in the former being 4 times that in 
the latter. 

The ether extracts of the dried and pooled radii, ulne, humeri, 
femora, and tibiz of both groups contained essentially the same 
amount of the factor. It is considered significant that the anti- 
rachitic factor from both sources was found in the bones, the site 
of the deposition of calcium and phosphorus, yet the amount of 
bone formation is greater per unit of the factor from cod liver oil 
than from irradiated ergosterol. The spleen contained less than 1 
unit of the factor. In a recent study Coppens and Metz (11) 
found the antirachitic factor from irradiated ergosterol in the liver, 
adrenals, lungs, spleen, blood, mesentery, and kidney of the dog, 
but not in the brain, skin, heart, or pancreas. 

The picture presented here is that the factor from both cod liver 
oil and irradiated ergosterol is carried by the blood, chiefly if not 
altogether by the plasma, and is therefore available to all parts of 
the organism, although as is well known the irradiated ergosterol 
form is not as effective in the promotion of bone formation in the 
chicken as that present in cod liver oil. The data suggest that the 
factor enters some organs more readily than others. The facts 
reported, however, do not further our understanding as to why 
one form of the antirachitic factor is more effective in the chicken 
than the other. 

Pullets—Egg production began in the group receiving 96x 
irradiated ergosterol at 19 weeks of age and in the groups fed 24x 
irradiated ergosterol and t per cent cod liver oil shortly thereafter. 
Records of egg production were made with small groups and for a 
period of 20 days, Table IV. At the end of this time production 
in the ergosterol-fed groups practically stopped but in the group 
fed cod liver oil it continued at the same rate. In addition to the 
difference in the amount and source of the antirachitic factor, the 
ration fed the group receiving ergosterol contained considerably 
less vitamin A than did that received by the group fed 1 per cent 
cod liver oil. In the former case yellow corn, the only source of 
vitamin A, supplied this factor to the extent of about 150 units 
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(Sherman) per 100 gm. of ration, whereas in the latter case cod 
liver oil and yellow corn furnished 850 units per 100 gm. of ration. 
The abrupt cessation of egg laying took place during a period of 
very hot weather. Whether the cessation was due to insufficient 
vitamin A or to the extreme heat is not known but the ergosterol- 
fed groups did not show the persistence in laying which was 
exhibited by the birds receiving cod liver oil under identical condi- 
tions. After 2 weeks laying was not resumed by the 242 and 96z 
groups, although the group fed 1 per cent cod liver oil continued 
to lay. Other considerations made it necessary to terminate the 
experiment at this time. The data obtained were not sufficient to 








TaBLe IV 
Egg Production and Antirachitic Potency of Egg Yolk 
Py 4 A 
ost a. 
4g ; e | ie 
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Antirachitic supplement M4 Fs 3 33 S 3 ry 
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g s be 3 3 
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k a | 2) 2*| 28] 2 [2 
gm. 
2 | 1.0% cod liver oil 22 7 | 1989] 52 | 39.0} <6 
6 | 242rt irradiated ergosterol 528 6 | 2177 52 | 43.0] 22 
8 | 962 “ “ 2112 | 22 | 2009; 148 | 35.0] 88 


























* Average weight of yolks, 12 gm. 
t xis equivalent to 1.0 per cent cod liver oil. 


permit the drawing of conclusions regarding comparative egg 
production, except for the beginning of the production period, when 
it was of the same order for the three groups. 

The difference in the number of units of the antirachitic factor 
in the form of irradiated ergosterol in the ration was reflected 
proportionately in the antirachitic potency of egg yolk as shown 
in Table IV. This fact suggests that the factor in the eggs may be 
of an excretory character in the case of the ergosterol-fed birds. 
That the factor in the yolks of eggs ptoduced by the irradiated 
ergosterol-fed groups is not the cod liver oil type of the factor but 
probably the irradiated ergosterol type has been shown by McDon- 
ald and Massengale (12). These investigators have also produced 
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a marked increase in the antirachitic potency of egg yolk by the 
feeding of irradiated ergosterol. 

Although the number of individuals per group was small, the 
body weights, Tables III and IV, of cockerels at 21 weeks and of 
pullets at 26 weeks of age, the feathering, and general appearance 
of the ergosterol-fed groups were essentially the same as in the 
case of the group receiving cod liver oil. 


SUMMARY 


1. Normal bone ash and body weight were obtained in chickens 
at 8 weeks of age when 0.25 per cent cod liver oil, 5.5 Steenbock 
units per 100 gm. of ration, was fed. To produce the same result, 
192 times, or possibly 144 times, this number of units of the factor 
in the form of irradiated ergosterol was necessary. 

2. The livers of normal chicks at 8 weeks of age which had 
received the antirachitic factor in the form of cod liver oil contained 
less than 5 units of the factor per liver. Those of birds which 
received an amount of the factor in the form of irradiated ergosterol 
just insufficient to cause normal bone formation contained at least 
5 units. 

3. The antirachitic factor from cod liver oil or from irradiated 
ergosterol is not lost by excretion in the bile. 

4. The blood and long bones of a group of cockerels, 21 weeks old, 
which had received the antirachitic factor in the form of 1 per cent 
cod liver oil each contained essentially the same concentration of 
the factor as was found in the case of cockerels which had received 
irradiated ergosterol equivalent to 24 per cent cod liver oil. The 
solid elements of the blood of both groups were practically devoid 
of the factor and none was detected in the spleens. The livers of 
the cod liver oil-fed group;-at 21 weeks, contained less than 5 units 
of the factor and those of the group receiving irradiated ergosterol 
at least this number. 

5. Although essentially the same rate of egg production was 
observed in the groups receiving cod liver oil and irradiated ergos- 
terol for a short period of time, it was not maintained in the 
latter. The antirachitic potency of the egg yolk from the group 
receiving cod liver oil was considerably less than that shown by 
the groups fed irradiated ergosterol. 

6. The cockerels and pullets which received 1 per cent cod liver 
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oil and irradiated ergosterol equivalent to 24 per cent and 96 per 
cent cod liver oil were normal with respect to body weight, feather- 
ing, and appearance. 
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BENCE-JONES PROTEIN IN SERUM 


By DAVID M. KYDD 


(From the Department of Internal Medicine of Yale University, 
New Haven) 


(Received for publication, October 1, 1934) 


Although Bence-Jones protein has been identified in the urine 
of about 65 per cent of 500 reported cases of multiple myeloma, 
this specific protein has been demonstrated in serum in only about 
ten instances since Ellinger (6) first reported an abnormal protein 
in the blood of a myelomatous individual. The concentration of 
protein in the serum of persons afflicted with this disorder has 
been found to be quite variable, ranging from 5.27 gm. per cent 
(4) to 13.78 gm. per cent (12). About one-quarter of the cases in 
which the protein concentration is reported are found to have 
hyperproteinemia. This increase has been found to affect only 
the non-albuminous fraction (9, 10, 12,13). In such cases Bence- 
Jones protein has been demonstrated by the characteristic precipi- 
tation of the protein at comparatively low temperatures and 
resolution as the temperature is raised. Wintrobe and Buell (13) 
by using this reaction to eliminate Bence-Jones protein from the 
serum found that the albumin-globulin ratios then obtained were 
not abnormal. Perlzweig, Delrue, and Geschickter (10), however, 
found that they could separate in this manner only a small fraction 
of the abnormally large amount of protein present in the serum 
of their patient. Little relation between the presence or absence 
of hyperproteinemia and the amount of Bence-Jones protein in the 
urine has been demonstrated. Some of the cases with the highest 
serum proteins have no Bence-Jones proteinemia at all (11, 13). 
Many times the concentration of serum protein is not elevated 
and despite the presence of a profuse Bence-Jones proteinuria no 
Bence-Jones protein can be qualitatively demonstrated in the 
serum by using the simple heat reactions (1,7). Because of these 
apparent contradictions a further study of this protein as it 
occurred in blood and urine was undertaken. 
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Method 


Butler and Montgomery (3) presented solubility curves of the 
plasma proteins of human plasma in concentrated phosphate 
solutions of pH 6.5 at a temperature of 25°. They found that, 
according to the equation proposed by Cohn (5), if the solubility 
of the protein expressed logarithmically is plotted against increas- 
ing concentrations of phosphate, a discontinuous curve results, 
and that the breaks in the curve are caused by successive precipi- 
tation of the progressively more soluble protein fractions. They 
were able to demonstrate in human plasma only three breaks in 
the curve corresponding to the fibrinogen, globulin, and albumin 
fractions. This method of study has been followed in the present 
study. The blood was collected without stasis and allowed to 
clot under oil. After centrifuging, the serum was separated. 
Consequently the plasma protein fraction, fibrinogen, was removed 
from the blood. A serum-phosphate solution diluted to 1:31 was 
used to insure a minimal inclusion of protein. The protein in the fil- 
trate was determined by the macro-Kjeldahl method. The urine of 
Case A-32412 was found to contain 5 gm. per liter of protein which 
reacted characteristically as Bence-Jones protein, but no demon- 
strable albumin or globulin. This urine was concentrated by 
pressure filtration. The resulting solution was treated in a 
manner identical with that used for the serum. 


Results 


In Fig. 1 Curve A represents data derived from normal serum. 
Two breaks in the curve appear, the first when globulin begins to 
be precipitated and the second at the point of albumin precipita- 
tion. This curve agrees with the findings of Butler and Montgom- 
ery (3). Curve C was obtained from a study of urine containing 
Bence-Jones protein (Case A-32412). Precipitation of the pro- 
tein, which begins when a phosphate concentration of 1.98 m has 
been reached, is practically complete at a concentration of 2.55 M 
or the point where albumin is beginning to be precipitated from 
normal serum. Curve B was constructed from data obtained 
from normal serum to which urinary Bence-Jones protein was 
added. The first break in the curve occurs at the point where 
globulin begins to be precipitated. A second break occurs in the 
middle of the globulin portion of the curve corresponding to the 
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point where Bence-Jones protein is precipitated in urine. The 
third break occurs when the albumin precipitation begins. 

The data from which Fig. 2 was constructed were derived from 
three cases of multiple myeloma. Case A-32412 had a profuse 
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Fic. 1. Titration of proteins with phosphate solutions. Curve A, nor- 
mal human serum; Curve B, normal human serum plus Bence-Jones protein; 
Curve C, urine containing Bence-Jones protein. 


Bence-Jones proteinuria (5 gm. per liter). The concentration of 
total protein in the serum was 6.70 gm. per cent of which 4.35 
gm. were albumin and 2.35 gm. apparent globulin. No Bence- 
Jones protein was demonstrable in the serum by the heat reaction. 
The precipitation curve of the serum is similar to that which was 
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derived from the artificial serum (Curve B) and the breaks appear 
at the points where precipitation of globulin, Bence-Jones protein, 
and albumin begins. 
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Fia. 2. Titration of proteins of serum from three patients with myelo- 
matosis. 


Case A-16897 was shown by biopsy to have an endothelial type 
of multiple myeloma. The concentration of total protein in the 
serum was 7.40 gm. per cent of which 4.71 per cent was albumin 
and 2.69 per cent apparent globulin. No Bence-Jones protein was 
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demonstrable by the heat reactions in either urine or serum. How- 
ever, the curve exhibits a slight break at the point where precipita- 
tion of Bence-Jones protein occurs. 

In Case A-34624 there was no demonstrable Bence-Jones protein 
in the urine, though there was a slight albuminuria. The concen- 
tration of total proteins in the serum was 10.99 per cent of which 
only 2.78 per cent was albumin. Upon heating the serum to 65°, 
a faint cloud appeared. In this instance the non-albuminous 
fraction of the serum protein was elevated (8.21 per cent). The 
curve demonstrates that, while Bence-Jones protein is present and 
influences the latter part of the globulin curve, a large part of this 
hyperproteinemia is caused by an increase in the globulin fraction 
of the serum. 


DISCUSSION 


The point at which precipitation of Bence-Jones protein begins 
in concentrated phosphate solutions proved to be exactly the same 
whether the protein was derived from urine or from serum. No 
break at this point can be demonstrated in the curves derived 
from normal serum. Bence-Jones protein begins to be precipitated 
when the phosphate concentration reaches 1.98 m, whereas globu- 
lin precipitation begins at a concentration of 1.48 mM. However, 
as is shown in the curve of normal serum, precipitation of globulin 
is not nearly complete until a concentration of 2.55 m is reached, 
the point where albumin precipitation begins. Because of this 
overlapping of the globulin and Bence-Jones curves it is not 
possible to select phosphate concentrations that make possible the 
differential precipitation of globulin. Therefore the usual fraction- 
ation of the Serum proteins-by using phosphate concentrations to 
separate albumin from globulin cannot be employed in sera 
containing Bence-Jones protein. Butler and Montgomery (3) 
have shown that the various parts of these discontinuous curves 
may be extrapolated logarithmically to zero and the amounts of the 
individual fractions may be estimated in this manner. 

In Case A-32412 the Bence-Jones protein fraction occurred 
alone in the urine, whereas in Case A-34624 albumin without 
Bence-Jones protein appeared in the urine. Thus Bence-Jones 
protein can be physiologically .as well as chemically separated 
from the remaining protein fractions. This, together with the 
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finding of similar solubility curves whether the protein be derived 
from serum or urine, argues against the non-existence of individual 
plasma protein fractions that has been proposed by Block, Darrow, 
and Cary (2). 

The finding of an appreciable amount of Bence-Jones proteine- 
mia, not otherwise demonstrable, in myelomatous individuals with 
apparently normal serum proteins confounds the theory that 
Bence-Jones protein is derived from the other protein fractions 
during excretion. This abnormal protein exists in the sera of 
myelomatous individuals and may or may not appear in the 
urine. 

The ability of the kidney to separate Bence-Jones protein from 
the remaining protein fractions is difficult to explain. Bence- 
Jones protein is probably of different molecular size from either 
albumin or globulin; nevertheless, these differences in molecular 
size cannot account for the appearance in one subject of Bence- 
Jones protein without albumin, and in another of albumin without 
Bence-Jones protein, although Bence-Jones protein was demon- 
strated in the serum of both. It needs something other than mere 
differences in the permeability of the glomerular filter to explain 
such a paradox. ‘ 

Hopkins and Savory (8) have shown that the typical reactions 
of Bence-Jones protein are markedly influenced by the acidity and 
salt concentrations of the media. Serum, unless greatly modified, 
is not a favorable medium for precipitation. When hyperpro- 
teinemia exists, only a part of this increase is due to Bence-Jones 
protein. This is probably the reason that in most of the cases 
reported, even when hyperproteinemia exists, Bence-Jones protein 
has been found only in small amounts if at all, and may not exhibit 
all the usual attributes. 


SUMMARY 


A method for the detection and estimation of Bence-Jones 
prote'n in the serum has been elaborated. Bence-Jones protein 
has been demonstrated in the sera of two individuals with appar- 
ently normal total protein concentrations. On one individual 
with hyperproteinemia the increase in the protein concentration 
was due to an increase in the globulin fraction as well as to the 
presence of Bence-Jones protein. 
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THE PROSTHETIC GROUP OF LIMULUS HEMOCYANIN 
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In a preliminary paper published a few years ago (1) some 
experiments were reported with respect to the nature of the pros- 
thetic group of Limulus hemocyanin formed by the decomposition 
of the protein with alkali. Following Philippi’s procedure (2) we 
obtained a black substance which after purification by washing 
with dilute acetic acid, solution in 50 per cent acid, and reprecipi- 
tation with alkali contained 14 to 21 per cent of copper. By the 
action of ammonia on this pigment we were able to obtain a copper- 
free colorless amorphous solid. This material was of an ampho- 
teric nature and gave no evidence of containing any pyrrole nuclei. 
One conclusion which seemed definite as a result of this work was 
that the prosthetic group of Limulus hemocyanin was in no way 
related to that of hemoglobin or to the bile pigments. Since the 
publication of our work several papers have appeared by Schmitz 
(3) in which he reports the preparation from octopus hemocyanin 
of a material containing copper. The procedure was somewhat 
different from ours and this material contained considerably less 
copper and no sulfur was reported, whereas in our case the black 
material always contained considerable amounts of sulfur. Fur- 
ther discussion of Schmitz’ work will be postponed until we have 
considered our own recent work. 

We have prepared a considerable quantity of the amorphous 
copper-free ‘material by the action of ammonia on the black 
material following the procedure described in previous papers (1). 
We also prepared small quantities of this amorphous material by 
the electrolysis of a solution of the black copper-containing sub- 
stance in acetic acid containing sodium acetate. The materials 
prepared by electrolysis or by the action of ammonia appeared to 
be identical as judged by analysis. From both compounds a silver 
755 
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salt could be prepared by the action of silver nitrate on an ammo- 
niacal solution carefully brought to pH 8 by means of nitric acid, 
The analytical values of the two silver salts were essentially the 
same; there was about 20 per cent of silver, which indicates a 
molecular weight of about 500. The amorphous material was 
sulfur-free. 

Experiments with the amorphous material have shown quite 
clearly that it is a polypeptide. It is completely hydrolyzed by 
boiling with 10 to 20 per cent hydrochloric acid and practically all 
the nitrogen of the compound is converted into amino nitrogen 
which can be determined by the Van Slyke nitrous acid method. 
From the hydrolysis we have been able to isolate two crystalline 
amino acids which have been identified by analysis and character- 
istic tests. One of these is /-leucine and the other is tyrosine. 
The specific rotation of the crude mixture of amino acids obtained 
directly from the hydrolysis of the polypeptide was —3.5° in water 
and +9.3° in 20 per cent hydrochloric acid. This marked change 
in the sign and magnitude of the rotation is clear evidence that we 
are dealing with leucine and not one of the isomeric amino acids. 
In addition to this we have obtained the characteristic color test 
with benzoquinone. The presence of tyrosine was detected by its 
characteristic color reaction with nitroso-8-naphthol (4), the test 
being given by both the crystalline material whose composition 
corresponds to tyrosine and also was given by the original polypep- 
tide and the black copper-containing substance. In addition to 
these two amino acids, there is clearly at least one other amino 
acid present in the hydrolysis of the polypeptide, since a consider- 
able amount of non-crystalline residues was obtained, which 
contained amino acid as shown by the Van Slyke method. 

The absence of the basic amino acids was shown by the failure 
to get any appreciable precipitate with phosphotungstic acid. 
The characteristic tests for tryptophane and histidine were shown 
to be negative. A comparison of the analytical values of the 
polypeptide with the composition of the known amino acids 
indicated at once the probable existence of a large quantity of 
serine in the polypeptide. The analytical values of the original 
polypeptide were C 52.2, H 6.7, N 13.6. Calculations make it evi- 
dent that the polypeptide derived from the ordinary amino acids 
would be much higher in carbon. On the other hand, if the poly- 
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peptide examined was composed of 3 molecules of serine, 1 of leucine, 
and 1 of tyrosine, it would have the composition CoH3s0,0Ns, 
with a molecular weight of 553. The composition of such a 
polypeptide would be C 52.0, H 6.3, N 12.6. These figures are in 
reasonably good agreement with those found for the polypeptide. 
The polypeptide contains a small amount of free amino nitrogen. 
This was 2.5 per cent as compared with that calculated for the 
polypeptide mentioned above of 3.4 per cent. The discrepancy 
is hardly greater than the uncertainty of applying this method 
to a complex polypeptide of which only small amounts were avail- 
able. The presence of serine in the hydrolysis was indicated by 
the formation of a reddish color with ferric chloride. Attempts 
to isolate a solid crystalline 8-naphthalene sulfo derivative of 
serine gave finally a small amount of brown crystals that melted 
with decomposition at 189-200°. The derivative from known 
dl-serine decomposes around 210°. The quantity of material was 
insufficient for analysis. 

The nature of the sulfur in the original purified black material 
has been a matter of considerable doubt to us for a long time as the 
possibility of the contamination of the material with copper 
sulfide could not be entirely eliminated. It was felt that even 
solution in 50 per cent acetic acid and reprecipitation would not 
necessarily remove all the copper sulfide if it were present in a 
colloidal form and were carried into solution by the large colloidal 
copper complex of the polypeptide. It was early noticed that on 
boiling the copper pigment with 10 per cent hydrochloric acid, 
free sulfur was formed and sublimed into the condenser rather 
rapidly. The amount of this sulfur corresponded to about 50 per 
cent of the total in the pigment. Clearly this decomposition of the 
sulfur-containing compound: by boiling with acid made it impos- 
sible to attempt to isolate the sulfur compound by the direct acid 
decomposition of the black material. However, in the decomposi- 
tion with ammonia (which was brought about by repeated treat- 
ment over a considerable period of time as described in the earlier 
paper (1)) the sulfur was apparently split off as a portion of some 
organic molecule which remained in the ammoniacal solution after 
the polypeptide was precipitated by acidifying. This sulfur was 
neither present as cysteine nor cystine as neither the black pigment 
nor the ammoniacal solution contained any “labile sulfur’ as 
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shown by the failure of the usual basic lead acetate test. The 
possibility of the presence of methionine was at first suspected, 
but became improbable since by the modified Zeisel method of 
Baernstein (5) only a small quantity of silver iodide, which corre- 
sponded to but a fraction of the total sulfur present, was obtained. 
Similarly, by this method no better results on precipitates were 
obtained when solutions relatively rich in sulfur were treated with 
mercuric salts under conditions in which methionine is precipitated. 
Again, butanol extracts of sulfur-containing solutions gave negli- 
gible precipitates with mercuric salts which in turn gave negligibly 
low results by the Zeisel method. The fact that mollusks and 
crustacea present a rich source of taurine, suggested this compound 
as a possible source of part of the sulfur. But attempts to isolatea 
B-naphthalene sulfo derivative of taurine were not successful. 
This possibility, however, cannot be considered as eliminated. 

The sulfur-bearing compound present in the black pigment is 
very clearly bound in some way different from the other amino 
acids as it is liberated by the action of ammonia when the copper 
is removed. If the black pigment, after incomplete treatment 
with ammonia, is extracted with 90 to 95 per cent alcohol, most 
of the sulfur appears in the alcohol extracts. Evaporation of this 
extract yields an amorphous, brown material, soluble in alkalies, 
insoluble in acids. Paucity of time and material has interrupted 
a more detailed examination of this fraction. 

We may suppose that the black pigment is a complex copper 
salt of the polypeptide C24H3;0,0Hs mentioned above with 2 moles 
of a sulfur-containing substance. If we further assume that 2 atoms 
of copper are involved in the complex per mole, we arrive at the 
composition C,H 3s0;cNsCu, + X, where X is the portion of the 
molecule which contains the sulfur. The molecular weight of the 
entire molecule is 895 calculated from the copper content (14.2) 
and 1002 calculated from the sulfur content (6.3) if X contains 
2 sulfur atoms. Comparing these results with the molecular 
weight of the sulfur-free portion, we arrive at the conclusion that 
the molecular weight of X is between 245 and 322. The best 
analytical results obtained on the purified black material are as 
follows: C 38.8, H 5.2, N 10.5,8 6.3, Cu 14.2. The black material 
contains a small amount of nitrogen by the Van Slyke method, 
the value found being 0.58 per cent. If there is one free amino 
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group in a molecular weight of 1000, the value would be 1.4 but the 
difficulties of determining this value with such insoluble material 
may easily account for the discrepancy. Taking the molecular 
weight as approximately 950, we may estimate the composition 
of the black pigment from the analyses and arrive at the result 
CxHs0OisN7S:Cuz. This formula is, of course, only an approxima- 
tion, but it indicates that X has a composition as follows, 
C;HisOsN2S2. This very tentative conclusion may be of some 
value to the next investigator who takes up this problem. 

The question may be raised as to whether the black material 
with which we are concerned is in reality a prosthetic group of 
hemocyanin or whether the action of alkali, which is employed in 
its formation, has merely caused a degradation of the protein 
molecule to a fragment which is combined with the liberated 
copper. In order to test this point we have carried out several 
experiments in which a considerable amount of copper sulfate was 
added to the blood before it was worked up by treating with strong 
potassium hydroxide. The addition of large amounts of copper 
sulfate was found to increase the yield of the black substance 
only slightly and this slight increase of yield (30 per cent) was 
offset by a considerable increase in the copper and sulfur content, 
which clearly indicates that a small amount of copper sulfide was 
formed from the added copper sulfate and some sulfides formed in 
the decomposition, but that there was no appreciable increase in 
the organic part of the molecule which was bound to the copper 
in the typical black pigment. 

This experiment, together with the fact that all the copper in 
the protein is found in the pigment (1), seems conclusive evidence 
that our black pigment is a real prosthetic group, for if it were 
merely a recombination of ‘copper with some protein fragment 
there is no reason why very much more of it should not have been 
formed when additional copper was present during the decomposi- 
tion. It is also worth pointing out that the method of decomposi- 
tion, drastic as it may seem, does not in reality decompose a very 
large portion of the protein molecule. For example, it was possible 
to take the filtrates from the black material and precipitate a large 
proportion of the protein again (in an altered form, of course) 
by precipitation with hydrochloric acid. The amount of nitrogen 
in this precipitate was 70 per cent of that present in the original 
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blood. A still further portion of protein can be precipitated by 
the addition of trichloroacetic acid, which lowered the Van Slyke 
amino nitrogen from 0.458 mg. per cc. to 0.290 or about 30 per cent. 
If we assume, therefore, that all the amino nitrogen left in the fil- 
trate after the trichloroacetic acid precipitation represents polypep- 
tide or amino acid nitrogen liberated during the alkaline hydrolysis, 
it does not amount to more than 20 per cent of the original protein 
and probably even this figure is too high; it may well be that there 
was a certain amount of polypeptide or even amino acid material 
in the original Limulus serum which was not corrected for. 

We may assume that the prosthetic group of Limulus hemo- 
cyanin is a complex copper salt of a polypeptide composed of 3 
molecules of serine, 1 of leucine, and 1 of tyrosine, and some sulfur- 
containing compound. This complex is probably bound to the 
rest of the protein by some complex salt linkage such as has been 
suggested to be responsible for the binding of the iron of the 
prosthetic group of hemoglobin. This union we suppose is broken 
down by the action of the alkali used in the initial decomposition, 
Some evidence that the black material can form cor plexes with 
other basic substances is found in the fact that it dissolves readily 
in strong solutions of pyridine or ammonia with a peculiar greenish 
color and without at first the elimination of any copper. A titra- 
tion by the electrometric method of a solution of the black material 
in a pyridine-containing solution of alkali showed that the copper 
was in the cupric form. The oxidation-reduction potential was 
estimated (6) to be about +0.15. This is about the order of 
magnitude of the copper complex salt of the amino acids which 
we have studied in a very preliminary way in this laboratory and 
of the ammonia complexes of copper. It is interesting to note 
that the potential is considerably below the remarkably high 
potential of the hemocyanin itself. It has been shown that the 
copper in hemocyanin is in the cuprous state (6). Clearly it has 
been oxidized to the cupric state in the process of the formation of 
the black pigment. The higher potential of the protein shows 
‘that the affinity of the protein for the complex copper prosthetic 
group must be greater for the cuprous than for the cupric form. 

Turning now to the work of Schmitz, which was done with 
a different hemocyanin, namely that from octopus, it is interesting 
to see what points of similarity there are between our work and 








his 
hei 
pos 


sal 
ale 
ale 
acit 
obt 
cur 
If t 
wee 
pro 
onl 
this 
it d 
the 
star 
acic 
fror 
poly 
app 
hem 
of ¢ 
but 
was 
of o 


som 
inte 
pref 
natt 
eluc 
stra 
aboy 
ably 
he ¢ 





f 3 


cen 


the 
148 
of 
ws 
tie 


ith 
ing 
nd 











Conant, Dersch, and Mydans 761 


his. We have tried to apply Schmitz’ procedure to the Limulus 
hemocyanin, using alcohol to precipitate the protein, then decom- 
posing the precipitate with nN sodium hydroxide at 37°, as Schmitz 
recommended. We seem to obtain entirely different results since 
Schmitz states that under these conditions one should get a sodium 
salt of what he calls hemocuprin, which dissolves in the boiling 
alcohol with a wine-red color. We obtained only a colorless 
alcohol extract and no precipitate was formed from it until it was 
acidified with 1 per cent acetic acid. We were, however, able to 
obtain a material which seemed to correspond to Schmitz’ hemo- 
cuprin by partial removal of the copper from our black precipitate. 
If the solution of our black material is allowed to stand at 37° for a 
week in N sodium hydroxide and the resulting solution acidified, a 
product is obtained which contained 6.4 per cent of copper and 
only a trace of sulfur. The composition and general behavior of 
this product approximate that of Schmitz’ hemocuprin. Thus 
it dissolves in sodium hydroxide to give a wine-red solution. If 
the solution of this product in strong ammonia is now allowed to 
stand at room temperature for 24 hours, the copper is removed and 
acidification yields an almost colorless amphoteric material free 
from copper and sulfur. This seems to be identical with the 
polypeptide described above. To sum up the situation, it would 
appear that there might be some differences between the octopus 
hemocyanin and the Limulus hemocyanin which altered the case 
of decomposition of the complex copper compound with alkali 
but that in both cases essentially the same sort of prosthetic group 
was present. Schmitz’ hemocuprin may well be the copper salt 
of our polypeptide. The original black material which we believe 
to be the true prosthetic group would be a combination of this and 
some sulfur-containing compound. This is indeed essentially the 
interpretation given by Schmitz himself on p. 75 except that he 
prefers to center the attention on the sulfur-free copper salt. The 
nature of the complex of which this was the copper salt was not 
elucidated by Schmitz but it seems to us that our work demon- 
strates clearly that it is a polypeptide of the composition given 
above. It does not seem to us that Schmitz’ hemocuprin is prob- 
ably the true prosthetic group but rather that the material which 
he calls the Alkali-primdrform must be regarded as the prosthetic 
group and his hemocuprin is a partial decomposition product of it. 
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Further work with octopus and other hemocyanins, however, is 
very much to be desired. Now that some of the essential constitu- 
ents of the prosthetic group of Limulus hemocyanin have been 
discovered, it should not be a very difficult matter to test further 
presence or absence in other hemocyanins even if relatively small 
amounts of material are available. 


EXPERIMENTAL 


Typical Procedure for Obtaining Black Copper-Containing Mate- 
rial—Potassium hydroxide to the amount of 10 per cent is added 
directly to Limulus hemocyanin serum and the reaction mixture 
warmed to 40-50° for 20 to 30 minutes. After standing overnight, 
a greenish brown precipitate settled, which was removed by centri- 
fuging and washed with dilute potassium hydroxide and then 
water to remove the protein. The precipitate at this point con- 
tains, in addition to the copper complex of the prosthetic group, 
magnesium, calcium hydroxide, and probably copper sulfide (and 
some protein unless the washing has been very complete). The 
copper complex may be separated from the other alkali-insoluble 
materials by first washing with 10 per cent acetic acid containing 
sodium chloride (to prevent the formation of a colloidal solution of 
the copper compound) and then dissolving the material in 50 
per cent acetic acid, removing the insoluble copper sulfide, and 
reprecipitating with alkali. 

29 liters of blood worked up by this procedure yielded 20 gm. of 
greenish black paste after being washed with 10 per cent acetic 
acid but with no further purification. This paste contained 30 
per cent of solid material; therefore the total yield of solid copper- 
containing material was 6 gm. The analytical results obtained 
on the dried material were as follows: C 38.8; H 5.2; N 10.5; 
Cu 14.0, 14.2; 8 6.1, 6.5. 

Removal of Copper from Copper-Containing Pigment. Ammonia 
Method—5 gm. of paste, equivalent to about 2 gm. of dry material, 
were ground in a mortar with 20 cc. of concentrated aqueous 
ammonia and 4 gm. of solid ammonium chloride. The mixture 
was then allowed to stand in an unstoppered centrifuge cup over- 
night, then centrifuged, and this operation repeated once. With 
freshly prepared paste the decanted material from this separation 
is clear and the color that of the blue cuprammonia ion. With 
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older preparations it is usually green. The residue is then repeat- 
edly extracted with dilute aqueous ammonia as follows: the residue 
is stirred into a suspension with 20 cc. of 2.8 per cent ammonia 
solution, allowed to stand with frequent agitation for 1 hour, and 
centrifuged. The clear decanted fractions are united. After 
about ten such extractions the residue is negligible. The two 
decanted fractions, the concentrated and the dilute ammonia 
extracts, are chilled and acidified with 50 per cent acetic acid or 
with dilute hydrochloric acid. A pale brownish, amorphous 
precipitate of the polypeptide separates and is removed by centri- 
fuging. The polypeptides obtained from these two fractions are 
apparently identical, except that the material from the first frac- 
tion is usually more deeply colored. It may be purified by resolu- 
tion in ammonia and reprecipitation with acid. The purified 
polypeptide is sulfur-free and had the composition C 52.2, 52.0, 
53.0; H 6.7; Kjeldahl, N 13.8; Van Slyke, N 0.49 per cent. 

The aqueous decanted fractions contain almost quantitatively 
all the sulfur originally present in the copper pigment, and the 
search for the sulfur compound has concentrated on this material. 

Electrolytic Method—About 5 gm. of paste (about 2 gm. of dry 
material) were dissolved in 300 cc. of glacial acetic acid. The 
solution was electrolyzed after the addition of solid sodium acetate 
in an electrolytic apparatus containing a porous cell holding a 
platinum cathode and having a nickel gauze anode outside. The 
exterior solution was saturated with aqueous sodium acetate. 
The temperature was kept at 20-30°. The contents of the porous 
cell were stirred. Metallic copper was deposited on the cathode. 
The electrolysis was continued until no more copper was deposited. 
The material inside the porous cell was then filtered from 320 mg. 
of black precipitate which appeared to be copper sulfide. The 
filtrate was diluted with water and the precipitate which formed 
was centrifuged, washed, and dried in the usual manner. The 
yield was 290 mg. On analysis, C 50.0, 50.4; H 7.4, 6.7; N 12.7, 
13.3; 8 0.48; ash 2.13 were obtained. 

The silver salt was prepared from this material by dissolving 
100 mg. in ammonia and titrating with nitric acid to a pH value of 
8 (colorimetrically). Silver nitrate solution was then added, the 
precipitate centrifuged, washed with water, alcohol, and ether, and 
dried. 75 mg. of a dark colored material were then formed which 
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had the following composition: C 41.66, 40.81; H 5.74, 5.71; Ag 
19.9, 20.6. 

Isolation of Leucine from Polypeptide—2 gm. of the polypeptide 
were boiled with 100 cc. of concentrated hydrochloric acid for 
100 hours. The solution was then evaporated to dryness, and 
yielded a gum. On redissolving in water 90 mg. of a black precipi- 
tate, presumably unchanged copper sulfide, were removed by 
filtration. The filtrate was treated with bone-black, filtered, 
evaporated again to dryness, yielding 2.5 gm. of gum. This was 
dissolved in water and treated with an excess of barium hydroxide 
during which process a small amount of ammonia was evolved. 
A very small precipitate was removed in this way (50 mg.) and 
then the excess of barium was removed with sulfuric acid. The 
chloride was removed by boiling with silver sulfate and filtering 
again. Finally, a small amount of barium carbonate was added 
to clear the solution from the last traces of sulfate. In this waya 
neutral aqueous solution free from chloride, sulfate, and silver 
ions was obtained. A very small amount of barium was present. 
No precipitate was formed when a portion of this solution was 
treated with phosphotungstic acid. The small remaining quan- 
tity of barium was removed by careful titration with sulfuric acid. 
The pH of the resulting solution, determined colorimetrically, was 
6.0. This fact indicates the absence of dibasic amino acids. The 
solution was then concentrated and 400 mg. of crude crystalline 
material melting at 260° were obtained with a residue of 355 mg. 
of non-crystalline material. After being recrystallized from water 
the crystalline material had the following analytical values. C 
54.7, 55.3; H 8.99, 9.45; N 10.2, 10.3; agh 1.3, 1.1; Van Slyke, N 
9.9, 10.2; molecular weight by formol titration, 151. 

The rotation of the first crude mixture of the amino acids was 
carried out as follows: The solution contained 5.3 mg. of amino 
acid nitrogen per cc. This was assumed to correspond to 44 mg. 
of amino acid. Ina 10cm. tube the rotation was —0.17°, with the 
mercury line giving a specific rotation of —3.5°. The same 
material in 20 per cent hydrochloric acid gave a rotation of +0.27° 
in a 1 cm. tube in a solution containing 29 mg., as estimated from 
the nitrogen determined by the Van Slyke procedure. This 
corresponds to a rotation of +9.3°. 

Hydrolysis of Whole Copper Pigment—5 gm. of purified pigment 
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paste, equivalent to about 2 gm. of dry weight, were refluxed for 
100 hours with 100 cc. of 10 per cent aqueous hydrochloric acid, 
the course of the hydrolysis being followed by Van Slyke determi- 
nations on small aliquot fractions withdrawn. After 90 to 100 
hours of heating, the Van Slyke amino nitrogen equaled the total 
nitrogen of the initial pigment, 10.5 per cent N. During the 
first 2 hours of heating a yellowish material collected on the walls 
of the flask and worked slowly into the condenser. This was shown 
to be 50 mg. of elementary sulfur. 

The hydrolysate was filtered, the residue being 115 mg. of 
copper sulfide, equivaient to 38.5 mg. of sulfur. A sulfur deter- 
mination on the filtrate showed a total of only 6 mg. Since the 
original copper pigment contained 4.9 per cent of §, all the sulfur 
has been accounted for. The test for labile sulfur in the filtrate 
by the usual basic lead acetate method was negative. 

The hydrolysate was cleared with a little activated charcoal, 
filtered, and concentrated to small volume. Finally a conglom- 
erate crystalline mass was obtained. Tedious fractional crystalli- 
zation yielded 10 mg. of needle rosettes shown to be tyrosine by 
analysis, by the characteristic 8-nitrosonaphthol test, and the 
decomposition point of 305-310°. 


Theoretical. C 59.6, H 6.2 
Found. ** 57.0, 56.8, “ 6.5, 6.3 


A second fraction of 25 mg. was shown to be pure leucine by 
analysis and the benzoquinone test. 


Theoretical. C 54.97, H 9.9, N 10.68 
Found. “BA “84, 7" BS 


This material melted with decomposition between 270—280°. 

The brown resinous residue weighed about 200 mg. No further 
crystalline material could be obtained, and one-half of this was 
used in an attempt to get 8-naphthalene sulfo derivatives. Only a 
small quantity of a brown crystalline mass melting with decom- 
position at 189-200° was obtained. The material was insufficient 
for analysis. The derivative of a known sample of serine decom- 
poses at 210°. 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. 107, No, 3 





766 Limulus Hemocyanin 


Om Oo 


BIBLIOGRAPHY 


. Conant, J. B., and Humphrey, W. G., Proc. Nat. Acad. Sc., 16, 543 (1930). 
. Philippi, E., Z. physiol. Chem., 104, 88 (1919). 

. Schmitz, A., Z. physiol. Chem., 194, 232 (1931); 196, 71 (1931). 
Gerngross, O., Voss, K., and Herfeld, H., Ber. chem. Ges., 66, 435 (1933). 
Baernstein, H. D., J. Biol. Chem., 97, 663, 669 (1932). 

. Conant, J. B., Chow, B. F., and Schoenbach, E. B., 7. Biol. Chem., 101, 


472 (1933). 




















ON PEROXIDASE* 


By A. K. BALLS anp W. S. HALE 


(From the Food Research Division, Bureau of Chemistry and Soils, 
United States Department of Agriculture, Washington) 


(Received for publication, August 30, 1934) 


More is known of peroxidase than of most ferments. Knowl- 
edge of its preparation (1), properties (2), and chemical constitu- 
tion (3) is comparatively well developed. The action of per- 
oxidase, however, has been investigated almost entirely with 
chromogenic substances, because the measurement of the ferment 
action has itself depended upon the formation of colored products. 
Elliott (4), however, substituted a determination of the residual 
hydrogen peroxide for the measurement of the (frequently un- 
known) colored substances produced. The same principle was 
later applied by the present writers (5) in a different method 
which gives very accurate measurements of the peroxide decom- 
posed by the ferment. It has thus been possible to study quanti- 
tatively the action of peroxidase on a great variety of substrates 
without regard to whether the products were colored or not. Asa 
result of this technique, the specificity of the ferment, its inhibition 
reactions, the pH optima for the oxidation of various substrates, 
and the extent to which they undergo oxidation have been studied 
further. : 

Method for Estimation of.Peroxidase—The enzyme preparation 
used in the work described in this paper was the crude product 
from horseradish roots made by the method of Willstitter and 
Stoll (1). 

The method used for the determination of peroxidase action 
consisted of an iodometric titration of the residual hydrogen per- 
oxide (5). We found that the liberation of iodine was quantitative 
only in the presence of a considerable excess of pyrogallol, and in 
the absence of salts of the heavy metals (6). Under analytical 
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conditions similar to those of Willstétter and Stoll (1), the disap- 
pearance of peroxide for the first 5 or 10 minutes is directly propor- 
tional to the time of the reaction and to the quantity of enzyme 
present. This holds when catechol or 2-amino-4-nitrophenol is 
used as substrate as well as for pyrogallol, though the velocity of 
oxidation differs for different substances, and also with the pH of 
the system.’ The purpurogallin equivalent of the peroxide used 
up may be calculated if desired, and the results expressed in the 
Willstatter peroxidase unit. 

In detail, the technique used was as follows: A total! volume of 
250 cc. contained 4.0 cc. of 0.1 N hydrogen peroxide, 0.625 gm. 
of pyrogallol (or the equivalent of other substrate), 25 cc. of 
0.2 m phosphate buffer, boiled water, and enzyme solution. The 
enzyme was added last, after the other materials had stood for 
some time in the thermostat at 30.0°, protected from the air by a 
layer of vacuum-boiled paraffin oil. As soon after adding the 
enzyme as practicable, a 25 cc. portion of the mixture was with- 
drawn in a pipette of rapid outflow and added to 25 cc. of 2 Nn H,S0O, 
containing 0.5 gm. of pyrogallol. 10 cc. of 10 per cent KI solution 
were at once poured into the acid liquid. After it had stood for 
not less than 12 nor more than 20 minutes, the liberated iodine 
was titrated as usual with thiosulfate (0.01 nN). The first with- 
drawal recorded as 0 time, was followed by others at short intervals 
determined with a stop-watch. The intervals were usually 3, 5, 
and 10 minutes. The temperature was kept at 30°. 

After more than a quarter of the peroxide has disappeared, the 
reaction course is no longer linear; therefore, too much enzyme is 
to be avoided. If a represents the titration of the sample with- 
drawn at 0 time in cc. of 0.01 N thiosulfate and x represents the 
titration of the sample taken at time ¢, then (a — x)/t = k, a con- 
stant whose value is proportional to the enzyme quantity. 

Peroxidase units' in the aliquot titrated = 0.00184 (a — z)/t. 

1 Calculated similarly to the P.Z. of Willstatter and Stoll (1), the con- 
centrations of peroxide and pyrogallol are those advised by these authors. 
The procedure differs, however, by the inclusion of the phosphate buffer 
and the change in temperature from 20-30°. In order to obtain the same 
numerical values as with the purpurogallin method, it is necessary to omit 
the buffer and work at 20°. These changes were made because the op- 


timum pH for pyrogallol oxidation is 8 and because the operation of a 20° 
thermostat in American laboratories is very difficult during hot weather. 
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ae 


It is difficult to avoid the introduction of some oxygen while the 
system is being set up. The dilute hydrogen peroxide in particular 
may contain dissolved oxygen, which is then reduced to a peroxide 
on contact with the alkaline pyrogallol. For this reason the 
initial titrations do not correspond to the peroxide added but are 
higher. 

Increase of Peroxidase in Plant Cells—The method of Willstatter 
and Stoll for preparing peroxidase begins with the dialysis of the 


Taste I 
Influence of Air on Increase of Peroxidase in Horseradish Roots 














Peroxidase units per 200 gm. horseradish 
_— Dtniyend copies boiled Dialyzed a aerated Dialyzed 
ning tap water 
In slices —_ In slices ——— “fa slices 

days 

0 58 58 58 

1 88 0.1 62 0.2 

2 114 0.1 52 0.1 

3 122 0.1 44 0.1 

4 180 

6 172* 

7 176t 100 
10 136 
13 110 




















* Sprouts appeared. 
t The ratio of peroxidase in the outer layers of the root tissue to that 
in the inner layers was 4:3 at this time. 


sliced horseradish roots against running water for several days. 
During the dialysis, as Willstiatter, Pollinger, and Weber (7) 
have shown, a remarkable increase in the enzyme content of the 
slices occurs. We observed a similar increase, which seems, how- 
ever, to depend upon the air content of the water. 

An experiment to show the effect of air on the production of the 
enzyme was made as follows: 200 gm. of well washed slices from 
the middle third of the roots were covered with 1500 ce. of boiled 
water and allowed to stand at room temperature. The water was 
replaced by freshly boiled water every 24 hours. In a second 
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experiment with the same lot of horseradish the water was con- 
stantly aerated and in a third experiment running tap water was 
used for dialysis. Determination of the peroxidase content of the 
water at the end of each day in the first two experiments showed 
that the loss of enzyme by solution was not large enough to influ- 
ence the trend of the results. Estimation of the peroxidase con- 
tent of the root was made on a small number of entire slices from 
each experiment. A 5 gm. sample of the slices was ground in sand, 
with the gradual addition of 45 cc. of 0.04 m phosphate buffer 
(pH 8.0). After the suspension had stood long enough for the sand 
to settle out, a part of the milky liquid (usually 0.10 cc.) was used 
for the determination. The results, shown in Table I, are given 
in peroxidase units, similar to the P.Z. of Willstatter and Stoll (1), 
but determined by the method which is described in this paper. 

The production of the enzyme seems to be connected with the 
initiation of growth, for it is most rapid just before the plant begins 
to sprout visibly, and most marked in the exterior layer of tissue 
from which the sprouts come. 

pH Optima of Peroxidase Oxidation—By using different buffer 
solutions, the pH of the reacting mixture was varied. For pH 
levels not accurately obtained with phosphate, other buffers were 
used (NH,OH-NH,Cl on the alkaline side, citrate-HCl on the acid 
side). Border points were determined with both buffers in order 
to discover whether they affected the enzyme differently. No 
influence sufficient to change the location of the pH optimum was 
observed. The data are given in Table II. 

In this way it was possible to follow the action of the enzyme into 
the alkaline range. The pH optimum was found to be different 
for each substrate, as observed by Ucko and Bansi (8) on pyro- 
gallol, guaiacol, and cresol. A relation between the structure of 
the substrate and the optimum pH for oxidation also appears to 
exist. The presence of acid groups (NO, and COOH) in the ben- 
zene nucleus not only reduces the rate at which oxidation is 
catalyzed but also shifts the pH optimum of the reaction toward 
the acid side. 

Limit of Oxidation of Substrate—In many cases it is still a matter 
of uncertainty as to what the end-products of peroxidase oxida- 
tion are. Considerable evidence on the nature of the end-product 
can sometimes be obtained by measuring the total peroxide con- 
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sumed instead of the rate of consumption. If the amount of 
oxidizable substance employed in the foregoing method is greatly 
diminished, the extent of the oxidation can be determined. 

In Fig. 1 hydrogen peroxide consumed in the peroxidase oxida- 
tion of several substances is expressed as hydrogen equivalents 
per mole of substrate. The experiments were set up as follows: 


Tasie II 
Optimum pH for Peroxidase Action (Values of Constant k* Obtained with 
0.1 Mg. of Peroxidase Preparation in 5 Minutes under Conditions 
Previously Described) 








pH tested g 
Substrate Em 
20 | 30) 40/45/ 5 | 55/60/65 | 70 | 75 | 80) 85 | 91 |B% 
Pyrogal- 
ae ging 0.03/0.05 0.18 0.20 0. 22/0. 26/0. 28/0. 25/0. 19/8.0 
Gallic 
acid.... 0.04 0.02 0.05 0.17 0.08 7.0 
Catechol.. 0.1910. 25/0. 30/0. 28 0.19 6.5 
Protoca- 
techuic 
acid.... 0.06/0.08 0.17 0.15 0.04 5.0 
2-Amino- 
phenol.. 0.25/0.30/0.27|0.24 0.09 0.05 0.06/5.0 
2-Amino- 
4-nitro- 
phenolf./0.05/0.05)0. 11/0. 10/0. 10 0.07 0.06 0.04/0.03 4.0 
p-Amino- 
phenol f. 0 .04/0.03 0.06 0.01 0.00 5.0 
5-Amino- 
salicylic 
acid.... 0.02/0.05 0.20 0.17 0.12 5.0 















































*(a—2z)/t =k, as described under the method. 
t Enzyme rapidly decomposed. 


25 ec. of 0.1 N H2O2; 1.5 mg. of peroxidase; 25 cc. of 0.2 m phos- 
phate buffer (pH 6.5); 50 mg. of substrate.2 Total volume = 
250 cc. Titrations were carried out on 25 cc. portions. Tempera- 
ture 30°. Controls without enzyme (not shown) remained con- 
stant within +1 per cent. 


* Purpurogallin (25 mg.) was first dissolved in 5 cc. of aleohol. The con- 
trol without enzyme (about +3 per cent) was subtracted from the result. 





772 Peroxidase 


Unfortunately these observations are sometimes complicated 
by the fact that it is hard to determine whether the oxidation is 
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Fig. 1. Limit of the oxidation of several substances by peroxidase-H:0: 


complete. Some substances, for example p-cresol, are obviously 
not completely oxidized, since the action stops short of 1 H 
equivalent. This is probably due to destruction of the enzyme 
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during the oxidation, as shown in the following section of this 
paper. At least many such substances can be recognized by their 
marked inhibitory effect on the oxidation of a good substrate such 
as pyrogallol. We have not yet attempted to identify any of the 
end-products produced by the enzymic oxidation, and wish to 
point out merely the possibilities of this method as an aid to the 
identification. 

As might be expected, the oxidation of alkaline pyrogallol with 
peroxidase-H,0, follows a different course from that of the oxida- 
tion by free oxygen. In the latter case we observed that a peroxide 
is formed which is itself able to serve peroxidase as a source of 
peroxide oxygen. The peroxide is easily titrated by the iodo- 
metric method. The following experiment illustrates this. 








TaBe III 
Substitution of Oxidized Pyrogallol for Hydrogen Peroxide 
Time Oxidized pyrogallol Hydrogen peroxide 
min, cc. K ce. k 
0 5.45 6.20 
5 4.10 0.27 4.70 0.30 
10 3.00 0.25 3.80 0.24 











Total volume 250 cc.; 0.10 mg. of enzyme; pH 8.0; 30°; titrations on 25 cc. 
portions; cc. shown = 0.01 N thiosulfate; k = (a — z)/t, as described under 
the method. 


A 0.1 m solution of pyrogallol in 0.02 m phosphate buffer (pH 8), 
through which air had been bubbled overnight, liberated iodine 
from hydriodic acid equivalent to 0.02 Nn H,O:. 15 cc. of this 
solution were substituted for hydrogen peroxide in the usual 
experimental set-up. , 

The results are given in Table III, the second and third columns. 
The last two columns show a companion experiment in which 
hydrogen peroxide was used instead of the oxidized pyrogallol. 

An aerated pyrogallol solution can therefore be used instead of 
hydrogen peroxide in the enzymic oxidation of more pyrogallol. 
This is a good experimental model of the peroxidase oxidation 
theory of Bach. 

The experiment also suggests an saniiiinn of the fact that it 
is possible to estimate peroxidase quantitatively in the presence 
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of catalase. The substitution of catalase for peroxidase in the 
system just described could result in the decomposition of some 
hydrogen peroxide by the catalase in spite of the unfavorable tem- 
perature. Column 1 in Table IV shows that without pyrogallol 
this is the case. That the presence of pyrogallol does not com- 
pletely inhibit catalase follows from the observation that a mixture 
of catalase, hydrogen peroxide, and pyrogallol (Column 2) 
rapidly turned dark colored, indicating that some of the pyro- 
gallol had been oxidized. Nevertheless, the iodometric titration 
of the total peroxide remained unchanged. On the other hand, a 
mixture of catalase and peroxidase (Column 3) behaved exactly as 
peroxidase alone (Column 4). 








TaBLe IV 
Effect of Catalase on Peroxidase Action* 
Catalase,* Catalase and Catalase, peroxidase, Peroxidase and 
Time no pyrogallol pyrogallol and pyrogallol pyrogallol 
(1) (2) (3) (4) 
min. ce. k cc. k ce. 7 ee. k 
0 4.70 5.80 5.60 6.00 


5 2.87 | 0.37 | 5.80 0 4.25 0.27 4.60 0.28 
10 2.00 | 0.27 | 5.75 0 3.15 0.25 3.55 0.25 
15 1.40 | 0.22 | 5.75 0 

















* Total volume, 250 cc.; catalase, 0.5 cc. of a preparation after Stern (9); 
peroxidase, 0.10 mg. of our preparation; pyrogallol, 0.625 gm. ; 0.2 m phos- 
phate buffer (pH 8.0), 25.0 cc.; temperature 30°; portions titrated 25 cc.; 
ec. shown = 0.01 n thiosulfate; k = (a — x)/t, as described under the method. 


It may be concluded that the oxygen liberated from the hydrogen 
peroxide by the catalase is reabsorbed by the excess of alkaline 
pyrogallol, with quantitative formation of the organic peroxide, 
and consequently no loss in the peroxide concentration of the sys- 
tem as far as the peroxidase is concerned. 

Inhibition of Peroxidase—The same method of measuring 
peroxidase action lends itself readily to the detection of peroxidase 
inhibition, but only when the well known destructive influence of 
hydrogen peroxide itself upon the enzyme has been allowed for. 
Willstatter and Weber have shown that the presence of a readily 
oxidizable substrate (pyrogallol) protects the enzyme from inac- 
tivation by peroxide (10). 
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Inhibitory effects are therefore better studied if the enzyme is 
exposed to the inhibitor before it is added to the usual mixture used 
for the activity determination. It developed, however, that 
inhibitory substances investigated in this way could be divided 
into two classes: those which inactivate the enzyme directly, 
and those which do so only in the presence of hydrogen peroxide. 
The former class includes substances such as hydrocyanic acid 
and the sulfhydryl compounds which apparently combine with the 


TABLE V 
Effect of 0.002 n Hydrogen Peroxide on Peroxidase* 





Amount Time of exposure 
of 





Enzyme preparation No. enzyme | 9 : ; slale 
used min.| min.| min.| min.} min.| min. 











mg. per 
gle ee ee ee 


3 Finely ground horseradish....... 13.0 /0.15)0.24/0.24/0.22)0.21/0.20 
7 without 
PL iicsttide cadets tebbomoiaed 13.0 (0.15 0.17 
II. Crude preparation (p. 767)....... 0.04 (0. 19/0. 20/0. 16/0. 13)0. 13}0.09 
- without H,0,./ 0.04 (0.18 0.18 0.19/0.17 

a a purified by 
absorption on alumina A and 
elution with CO:............... 0.0025/0. 19/0. 20/0. 20/0. 19/0. 17/0. 18 
Same without H,O2................... 0.0025)0.19 P 0.19 


























* Enzyme exposed to H,O; at 25° in 0.02 m phosphate buffer, pH 6.5. 
The amount of enzyme indicated was removed at the intervals stated for 
determination of the peroxidase activity by the method described previ- 
ously. It was placed in a total volume of 250 cc. of the determination solu- 
tion, pH 8.0, temperature 30°. The k value was determined in 5 minutes, 
with 25 ce. portions for Gheatjen, therefore, on one-tenth of the weight of 
enzyme given above. 


iron atom of the peroxidase molecule. Their effect is lessened by 
the presence of hydrogen peroxide, cystine, and other oxidants. 

On the other hand, the ability of hydrogen peroxide to destroy 
peroxidase is greatly enhanced by the presence of many sub- 
stances whose chemical constitution is remarkably similar to that 
of the oxidizable substrates. The effect of hydrogen peroxide 
alone upon the enzyme under the same conditions as those in the 
inhibition experiments is shown as a control experiment in Table V. 
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The effect of the peroxide alone is by no means negligible, but 
over periods of a few minutes destruction is not specially drastic, 
It is interesting that the purest preparation is not most affected, 
although the crudest is the most stable. While the crude prepara- 
tion probably contains protective substances, the purified prepara- 
tions differ perhaps because of the presence of variable amounts 
of an inactivating substance, similar to those described here. 

The effect upon the enzyme of several amines and phenols which 
are not oxidized to any extent by the peroxidase-peroxide system 


Taste VI 


Exposure of Peroxidase to Inhibitory Substances with and without Addition 
of Hydrogen Peroxide* 














sp Enzyme and Ensyme, — er, ‘ 
Inhibitor buffer only baie ond inhibitor 
mg k k k 
Gitatibioms. ....s..ccccccess 2 0.14 0.12 
a ree eres ee 5 0.14 0.01 0.04 
eee 5 0.14 0.00 0.03 
Ee alan awaekin tian een 2 0.14 0.12 0.01 
NE els ceciakweaans 10 0.14 0.14 
Phloroglucinol.............. 10 0.14 0.11 0.01 
MIND. 5 656 cc cscevwacy.c 6 0.14 0.10 0.01 
PUEEID, coscccisscccceegye © 0.14 0.11 0.01 
Resorcinol............... of 0.17 0.15 0.08 











* Exposure was for 10 minutes at room temperature. Total volume, 
10 cc.; 0.4 mg. of peroxidase (Preparation II, Table V); 1 cc. of 0.02 m phos- 
phate buffer (pH 6.5); 0.20 cc. of 0.1 Nn H,O.2 (when used); and the quantity 
of inhibitor stated. Determination of peroxidase activity was made by 
the method previously described, with 2.5 cc. of the exposed mixture. 


is shown in Table VI. In the absence of hydrogen peroxide, the 
inactivation is almost negligible. 

Although pyrogallol is able to protect the enzyme somewhat 
against this destruction, once the enzyme is inactivated, the addi- 
tion of pyrogallol does not as a rule restore any of the lost activity. 
More detailed experiments indicated that the rate of inactivation 
due to the inhibitor increases with increased inhibitor concentra- 
tion, with the time of exposure, and with decreased enzyme con- 
centration. 
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The conclusion seems justified that in the presence of peroxide 
the enzyme is either destroyed or irreversibly bound in the attempt 
to oxidize a substance which, because of its special configuration, 
is unable to serve as a satisfactory substrate. The data do not 
show whether the enzyme can combine with the inhibitor in the 
absence of peroxide or not. Such compound formation, if it oc- 
curs, must be easily reversible without harm to the ferment, but 
compound formation between the inhibitor and some form of the 
enzyme seems assured. It does not seem probable that all the 
enzyme is destroyed in a single oxidation cycle. It is more likely 
that there is a gradual shading from these destructive substances 
into indifferently oxidized substrates. In fact, some of the latter 
(p-aminophenol, for example) cause considerable enzyme destruc- 
tion during their oxidation. 

Specificity of Peroxidase—It has been generally recognized that 
the chromogenic substrates of peroxidase have this in common, 
that they are benzene derivatives containing one or more free 
hydroxyl or amino groups. We have therefore applied our method 
to substances of this class in the hope that any closer relationship 
between the oxidizable substances might become apparent. The 
results, which are shown in Table VII, point to a surprisingly 
limited specificity of the enzyme. 

This is partly due to the fact that only those substances which 
were oxidized with a measurable velocity in 30 to 60 minutes have 
been classified as oxidizable. While color formation is of course 
evidence of oxidation, it cannot be regarded as evidence of a suc- 
cessful catalysis without some material utilization of the peroxide. 
This rules out a large number of substances, including resorcinol 
and phloroglucinol, which are generally regarded as oxidizable in 
the peroxidase system because the reaction mixtures become 
colored on standing. 

The reactivity of a substance was determined in 0.02 m phos- 
phate buffer with 0.4'mg. per liter of horseradish peroxidase (Prepa- 
ration II, Table V). The initial concentration of reducing sub- 
stance was 0.02 M, thai of hydrogen peroxide 0.0016 nN. Individual 
titrations were on 25 cc. with 0.01 N thiosulfate. Although the 
pH optimum of peroxidase action varies with different substrates 
and cannot be definitely fixed beforehand, it did not seem 
probable that a substance would give completely negative results 
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Taste VII 


Behavior of Various Substances toward Peroxidase-Hydrogen Peroxide and 


toward o-Chlorophenol Indophenol* 


0 indicates no action; + indicates oxidation with the substrate or reduc- 


tion with the dye. 





Substance 


PH of peroxidase system 





7-8 


5 


Action on 
o-chloro- 
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mW. 
at pH 7 





Compounds containing 1 free OH group 
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The following compounds were negative in all cases: (a) (compounds 
containing one free OH group) phenol, m-cresol, salicylic acid, syringic 
acid, o-nitrophenol, m-nitrophenol, p-nitrophenol, picric acid, 3-nitro- 
salicylic acid, 5 nitrosalicylic acid; (6) (compounds containing one free NH: 
group) aniline, o-toluidine, m-toluidine, p-toluidine, o-nitroaniline, m- 
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TasBLe VII—Concluded 


nitroaniline, p-nitroaniline, o-aminobenzoic acid, m-aminobenzoic acid, 
p-aminobenzoic acid, p-aminoacetanilide; (c) (compounds containing 
neither OH nor NH: group) anisic acid, phthalic acid, benzoyl guaiacol, 
and 3,4,5-trimethoxybenzoic acid; (d) (compounds with aliphatic side 
chains and miscellaneous) glucose, fructose, maleic acid, pyruvic acid, 
anisalpyruvic acid, m-nitrobenzalpyruvic acid, benzalacetone, benzal- 
acetophenone (oxidizes with H.O, alone at pH 8; curiously, peroxidase 
inhibited this oxidation), nicotine. 

* For the donation of many of these substances we are greatly indebted 
to our colleagues in the Department of Agriculture, particularly to Dr. 
Max Phillips and to Dr: Herbert L. J. Haller of the Bureau of Chemistry 
and Soils, and to Dr. Ben H. Nicolet of the Bureau of Dairy Industry. 

t No action observed but substance practically insoluble. 





at pH 5 and pH 7 to 8 yet still be readily oxidized at another level, 
so no attempt was made to try the entire pH range in every case. 

As the substances oxidized by the peroxide-peroxidase system 
are all strong reducing agents, the question comes up whether this 
property alone determines their reactivity. Tests on a series of 
indophenols used as oxidation-reduction indicators showed that, 
with the exception of guaiacolsulfonie acid, and possibly vanillin, 
the substances undergoing peroxidase oxidation also reduce 
o-chlorophenol indophenol at pH 7 (Table VII, last column). 

The activity of the substances tried out against the indophenol 
dyes was determined by dissolving 20 to 30 mg. of the material 
(first neutralized, if necessary) in 5 cc. of 0.04 m phosphate buffer 
and adding 1 cc. of a 1:5000 solution of the dye. With a-naphthol, 
which did not dissolve, the test was made on the suspension. 
Complete or nearly complete decolorization in 30 minutes was 
regarded as a positive result.- Decolorization usually occurred in 
2 or 3 minutes. The toluidines, which required several hours, 
but did eventually decolorize the dye, are reported as negative. 

As might be expected, indicators of lower oxidation-reduction 
potential than o-chlorophenol indophenol showed a larger number 
of substances which failed to reduce the dye.* It seems fair to 


°F’) values for the dyes increase with hydrogen ion concentration, 
while values for the peroxidase substrates do not necessarily change with 
pH at the same rate. For o-chlorophenol indophenol BE’) = +0.233 milli- 
volt at pH 7.0; for 2,6-dichlorophenol indophenol E’» = +0.37 millivolt at 
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assume that a dye of slightly higher potential would have been 
reduced (at pH 7) by all the substrates of peroxidase. Therefore, a 
certain minimum oxidation-reduction potential, represented very 
roughly as somewhat more than that necessary to reduce o- 
chlorophenol indophenol at pH 7, is requisite for the success of 
peroxidase oxidation. 

On the other hand, quite a number of substances are able to 
reduce the dye but are incapable of oxidation by the ferment. 
While a definite oxidation-reduction potential is a necessity for 
the operation of peroxidase, a certain molecular structure of the 
substrate is also necessary. On comparing the substances which 
were successfully oxidized, it may be inferred that peroxidase 
requires for its action a di- (or more) substituted benzene ring, the 
substituents in question being ortho or para. One of the substit- 
uents must be —OH, or else two of them must be—NHe:. Not all 
the substances tried which fit this description oxidize with peroxi- 
dase, but all which were also good reducing agents did. Our ex- 
perience so far seems to indicate that unless a substance conforms 
to these specifications it cannot act as a substrate. 


DISCUSSION 


The necessity for a definite molecular configuration in the sub- 
strate, as well as a minimum oxidation-reduction potential, is 
shown by the specificity study. Furthermore, substances which 
do not use up measurable amounts of hydrogen peroxide, but which, 
judging from color production, are nevertheless slightly oxidized 
invariably turn out to be powerful inhibitors of the oxidation of a 
good substrate such as pyrogallol or catechol. This observation 
agrees with the idea that the structure of such compounds permits 
combination with the enzyme but that the latter is destroyed dur- 
ing the oxidation. 

The inhibition phenomena therefore agree with the conclusions 
which may be drawn from the specificity studies, that compound 
formation between enzyme and reducing substance occurs, in 
addition to the combination between enzyme and peroxide shown 





pH 5.0 (11). Vanillin, guaiacol, and guaiacolsulfonic acid reduce 2,6- 
dichlorophenol indophenol at pH 5. Since there must be somewhere a 
limiting value to the oxidation-reduction potential of all peroxidase sub- 
strates, the experiment was perhaps in this sense unnecessary, but it serves 
to indicate the limiting value, at least for the substances tried out. 
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by Willstatter and Weber (10). Reasoning from the kinetics of 
peroxidase action, Mann (12) has already reached a similar 
conclusion. 

The formation of an enzyme-substrate compound is therefore 
not due to those structural characteristics peculiar to the sub- 
strates oxidizable by peroxidase. If a conclusion may be drawn 
from our data, it is that the enzyme is able to combine to some ex- 
tent with almost any phenol or amine. The structure may, how- 
ever, determine whether such a compound can undergo oxidation 
after it is formed, and further determine whether, after oxidation, 
the enzyme still remains active. The oxidation accelerated by 
the ferment must occur through a specific chemical reaction, for 
otherwise any good reducing substance which combined with per- 
oxidase would be oxidized. If, as seems probable, the reaction is 
in all cases the same, then the specificity resides in a molecular 
structure capable of combining with the enzyme (in the peroxide 
state) and also capable of undergoing a specific type of oxidation 
which the ferment can accelerate. The specific type of oxidation 
is probably quinone (or imide) formation, as may be deduced from 
the production of an o-quinone from pyrogallol (13) and the fact 
that metaquinones do not exist. When the formation of a quinone 
is impossible, the enzyme is injured, which can indicate that it 
normally functions as a dehydrogenase; that is, by simultaneously 
removing 2 hydrogen atoms attached to different C atoms. 

The behavior of pyrogallol and purpurogallin shows clearly that 
peroxidase oxidation may take place in several stages. The non- 
enzymic oxidation of pyrogallol to purpurogallin was shown by 
Willstitter and Heiss (13) to be approximately quantitative only 
in the presence of an excess of pyrogallol, which protects the pur- 
purogallin from further oxidation. It is evident from Fig. 1 that 
this also holds for the enzymic oxidation. Purpurogallin is not 
the end-product of pyrogallol oxidation, since it is itself oxidized 
by the ferment system, with the removal of 3 H atoms per mole. 

The steps in the oxidation of pyrogallol to purpurogallin are 
known (13). One pyrogallol ring, otherwise unchanged, con- 
denses with a second pyrogallol ring which has undergone ox- 
idation through the o-quinone stage. The result is the removal of 
3 H atoms per mole of original pyrogallol. When, however, *pur- 
purogallin itself is further oxidized, it also loses 3 H atoms per 
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mole. It is therefore not unlikely that the o-quinone type of 
oxidation repeats itself on the unchanged phenolic half of the 
purpurogallin molecule. The total of hydrogen oxidized would 
then be 4.5 H atoms per mole of original pyrogallol, and our experi- 
mental results approach this value. At this point no further 
oxygen consumption was observed, and it seems reasonable to 
suppose that the limit of pyrogallol oxidation with peroxidase- 
H,0, has been reached. 

The result of such a reaction would be the formation of a group 
of cyclopentadiene rings from separate benzene nucleii. Such a 
group could conceivably condense further to form a naphthalene 
ring, and still further with the formation of an additional cyclo- 
hexane skeleton. 

If the starting point were an aminophenol instead of pyrogallol, 
the chances of arriving at known natural products are much greater. 
The possibility of an “oxidative synthesis’ is evident, and the 
possible réle of peroxidase in the phytosynthesis of complex sub- 
stances containing condensed 5- and 6-membered rings is an 
interesting speculation. 
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THE ELECTROMETRIC TITRATION OF LECITHIN AND 
CEPHALIN* 


By THOMAS H. JUKESt 


(From the Division of Biochemistry, University of California Medical School, 
Berkeley) 


(Received for publication, May 29, 1934) 


It has been recognized for some years that lecithin is an inter- 
nally neutralized compound (1). The neutralization takes place 
between a strongly acidic group and a strongly basic group. 
Solutions of lecithin therefore may be expected to show no buffer- 
ing power within the physiological range and this has been observed 
to be the case (2-4). The internal neutralization of lecithin has 
led to the practice of writing its formula in the ring or “anhydride” 
form (1, 3, 5). This formula involves the concept of a nitrogen 
atom with five bonds, an idea foreign to present theories of valence 
(6-8). It is thought better to write the formula of lecithin as 


o- 
+ 
salah I Diiliiaes Tita is 
o> 


where R represents the glyceryl-fatty acid portion of the molecule. 
Sphingomyelin must be represented by a similar formula in which 
R is a sphingosine-fatty acid radical. Copholin forms a similar 


awitter ion, but the presence of the group _NH, leads to buffer- 
ing in the neighborhood of pH 9. 

It is the purpose of this communication to present electrometric 
titration data for lecithin and cephalin in order to characterize 
numerically the pK’ values of their buffer groups. 


* The type K potentiometer used in these experiments was kindly loaned 
to Professor Carl L. A. Schmidt by the Cyrus M. Warren Fund of the Ameri- 
can Academy of Arts and Sciences. 

+ National Research Council Fellow in Medicine. 
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784 Titration of Phospholipids 


EXPERIMENTAL 


The yolks of hen’s eggs were mixed with an equal volume of 8 per 
cent sodium chloride solution and the free lipids removed by shak- 
ing with ether. All operations were carried out in an atmosphere 
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Fig. 1. Titration curve of a mixture of 4 parts of lecithin and 1 part of 
cephalin, dissolved in 98 per cent ethanol. £.M.F. readings were made 
against a normal calomel! half-cell at 25°. Moles of acid are calculated in 
terms of moles of total lipid, because acid combines with both lecithin and 
cephalin, thus 

O- O- 


| + + 
R—O—P*+—OCH,CH:NR’; + H*+ = R—O—P*+—OCH.CH: NR's 
| 
O- OH 


Moles of alkali are calculated in terms of moles of cephalin, because cepha- 
lin, and not lecithin, can neutralize hydroxy] ion. 
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of nitrogen. The solution of mixed lecitho-proteins was boiled 
with several changes of alcohol, the alcohol-water phases were 
evaporated to a small bulk, and the residue was extracted with 
ether. The ether solution was evaporated to about 50 cc. and 
poured into 3 volumes of acetone. A white waxy solid separated; 
it weighed 24 gm. and contained 1.83 per cent of nitrogen and 4.1 
per cent of phosphorus. This analysis indicated the absence of 
any lipids other than lecithin and cephalin. 

The precipitated mixture of lecithin and cephalin was found to 
contain 20 per cent of its nitrogen as amino nitrogen by the method 
of Van Slyke. A solution of an aliquot of the lipids in acetic acid 
was used for the determination of amino nitrogen. The amino 
nitrogen value indicated that the mixture contained 1 part of 
cephalin and 4 parts of lecithin. The main fraction of the mixture 
was dissolved in ether and brought to volume. Aliquots contain- 
ing 65 mg. of lipids were evaporated to dryness in a stream of 
nitrogen. The residue in each case was dissolved in alcohol, and 
varying amounts of standard alcoholic hydrochloric acid or sodium 
hydroxide were added. The final volume was adjusted to 5 cc. 
with alcohol. The final composition of solvent was 98 per cent 
alcohol and 2 per cent water. The solution was transferred to a 
Clark vessel containing a hydrogen eléctrode, and its £.M.F. at 25° 
was read against a normal calomel half-cell, with a saturated KCl 
bridge. The addition of acid or alkali was not made until imme- 
diately before the E.M.F. measurement. 

The titration curve shown in Fig. 1 was plotted from the readings 
obtained. The customary blank correction has been made in plot- 
ting the curve. Cephalin behaved towards sodium hydroxide as 
a univalent acid with a pK’, value of about 8.9. This corresponds 
fairly closely to the pK’,’-value of a monosubstituted ammonium 
ion; the pK’, value of ethylamine in 98 per cent ethanol was found 
by the same technique to be 9.19. Similar titrations, with con- 
cordant results, were carried out with other mixtures of lecithin 
and cephalin. A sample of egg yolk lecithin was prepared by the 
method of Levene and Rolf (9) and showed no base-binding 
capacity.'. In every titration, evidence of acid-binding capacity 

1 Price and Lewis (10) have calculated the isoelectric point of lecithin 


as pH 5.2, based on a value of 5.06 for the pK, of choline. This is quite un- 
tenable, since choline, a tetrasubstituted ammonium ion, is known to be a 
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at very low pH values was obtained. Both phospholipids appar- 
ently had a buffer group with a pK’ value of about 1.1 in 98 per 
cent ethanol. 


DISCUSSION 


The relation of apparent dissociation constants measured in 
alcohol-water mixtures to such constants measured in aqueous 
solution has been discussed in a previous communication (12), in 
which it was shown that the apparent dissociation constant of an 
amino group was approximately the same in both solvents. 

The base-binding action of cephalin may be represented either by 


+ 
—NH; + OH- = —NH: + H:0 
H 


+ 
or —NH; + OH- = —N—H—O—H 
H 


the latter equation involving the concept of the “hydrogen bond” 
(7). The nitrogen atom in lecithin and sphingomyelin is linked 
to four methyl groups; hence reaction with hydroxy] ion is impos- 
sible (8). The combination of phospholipids with hydrogen ion 
is analogous to the reaction 


HO. , 0- HO. , 0- 
»* +h= YP 
HO “ HO” H 


and hence takes place only at low values of pH. 


SUMMARY 


1. Mixtures of lecithin and cephalin were titrated electro- 
metrically in 98 per cent ethanol. Cephalin was found to bind 
alkali, and to have a pK’ value of 8.9. Lecithin did not bind 
alkali. Both phospholipids bound acid at low values of pH and 
had pK’ values of about 1.1. 





very strong base (11). This may easily be shown by adding a few drops of 
dilute alkali to a solution of choline chloride; the latter shows no more 
buffering capacity than sodium chloride, and the addition of phenol- 
phthalein produces a deep magenta. 
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2. These observations indicate that lecithin and cephalin form 
zwitter ions. 


The advice of Professor Carl L. A. Schmidt and of Professor 
G. E. K. Branch is gratefully acknowledged. 
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precipitation, preparation 
(KatTzMANn and Dorsy) 513 
Progestin: Crystalline (WINTER- 
STEINER and ALLEN) 321 
Propionic acids: Disubstituted, 
nitrophenyl esters, and cor- 
responding free acids, rota- 
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Propionic acids—continued: 
tions (LEVENE, RoTHEN, and 
MEYER) 555 


Protein(s): Amino groups, free, 


allocation (GuRIN- and 
CLARKE) 395 
Bence-Jones, blood serum 
(Kypp) 747 


Dietary, /- and dl-cystine me- 
tabolism, growth effect (Str- 
KOL) 641 

-Free diet, /- and dl-cystine 
metabolism (SteKoL) 225 

Growth essential, properties 
(CALDWELL and Rose) 57 

Tissue, dietary cystine, effect 


(Lee and Lewis) 649 
—, fasting and refeeding, effect 
(Lee and Lewis) 649 


Vitamin B-sparing action, fat 
and, influence (Evans, Lzp- 
KOVSKY, and Murpuy) 429 

Purine: Metabolism (CERECEDO 
and ALLEN) 421 
Pyruvate: Lactate-enzyme-, sys- 
tem, oxidation-reduction po- 
tentials (BARRON and 
HASTINGS) 567 


R 


Refeeding: Tissue proteins, effect 
(Ler and Lewis) * 649 
Rickets: Antirachitic factor, cod 
liver oil, tissue distribution 
(Russett, Tayior, and 
WiLcox) 735 

— —, ergosterol, irradiated, 
tissue distribution (RUSSELL, 
TayLor, and WiLcox) 735 

— —, fate, chicken (Russet, 
TayLor, and Witcox) 735 











Subjects 803 


Ss 


Salts: Diet poor in, body compo- 
sition, effect (Ligut, Smiru, 
Smita, and ANDERSON) 

689 

Skin: See also Epidermis 

Sodium hypochlorite: Chlor- 
amine-T, azochloramid, and, 
organic substrates, compara- 
tive action (GuireRAs and 


ScHMELKES) 235 
Sterol: Bombicysterol (Brrc- 
MANN) 527 


Secretion, coprosterol forma- 
tion and (ScHOENHEIMER and 
SPERRY) 1 

Stone: Cystine, hair cystine, 
identity (Lorine and pv 


VIGNEAUD) 267 
Strontium citrate: Ionization 
(Hastings, McLean, Et- 
CHELBERGER, HAuu, and Da 
Costa) 351 
Strophanthidin: Dehydrogena- 
tion (ELDERFIELD and Ja- 
COBS) 143 
Strophanthin: (ELDERFIELD and 
JACOBS) 143 


Sugars: Thio (RaymMonp) 85 
Sulfur: d-Cystine, acetyl and 
formyl derivatives, oxida- 
tion, animal body (pu Vic- 
NEAUD, LorinG, and Crart) 

519 

l-Cystine, acetyl and formyl 
derivatives, oxidation, ani- 
mal body (pu VIGNEAUD, 
Lorine, and Crart) 519 
Suprarenal: Phosphatides, fatty 
acids, beef (Autr and 
Brown) 607 
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T 


Theelin: Theelol, preparation 
from (Curtis, MacCorquo- 
DALE, THAYER, and Dorsy) 

191 

Urine, human and mare (Cur- 
TIS, MacCorqQuopDaLez, 
TuHayYeER, and Doisy) 191 
—, mare, preparation (CurR- 
TIS, MacCorquopALg, 
THAYER, and Dotsy) 191 

Theelol: Theelin from (CurtI!Ss, 
MacCorquopaLze, THAYER, 
and Dotsy) 191 

Thio sugars: (RAYMOND) 85 

Tyrosine: Growth relation (Wo- 
MACK and Rose) 449 

Oxidation, livers and kidneys 
(BERNHEIM and BERNHEIM) 
275 


U 


Urine: Glomerulus, chloride, frog 
and Necturus (WESTFALL, 
Finpuey, and RicHarps) 

661 

Pregnancy, gonadotropic ex- 
tracts, tungstic acid precipi- 
tation, preparation (KatTz- 
MAN and Dorsy) 513 


Vv 


Vitamin(s): A, absorption and 
storage, rat (BAUMANN, 
RusinGc, and STEENBOCK) 

705 

—, colostrum (Sems, Bav- 
MANN, and STEENBOCK) 

697 

B-sparing action, fat, protein 

and vitamin G levels, influ- 

ence (Evans, LEPKOvVsKY, 

and Murpay) 429 





Index 


Vitamin (s)—continued: 
B-sparing action, fats, natu 
(Evans, LEPKOVSKY, an 
Mourpay) F 
E, concentrates, stability (0 
CcoTT) 4 
Fat-soluble (Sems, BAUMANN, 
and STEENBOCK) 69% 
(BAUMANN, RIISING, af 
STEENBOCK) 70 
G, concentrates, growth-pre 
moting properties (BoouER, 
BuiopcGett, and Pace) 


—, concentration (BooHER) 
59 
—, nature (BooHER) 59) 
—, vitamin B-sparing action, 
fat and, influence (Evans, 
LepKovsky, and Murpay) 


G-sparing action, fat (Eva 
Lepxovsky, and Murpxy) 
Vitreous humor: Polysaccharidé 
(Meyer and Patmer) 63 


WwW 


Walden inversion: (LEVENE an 
RorHEN) 3% 


x 
Xylosephosphoric acids: ( 
VENE and RayMonpD) 

Y 


Yeast: Invertase, preparation” 
(Lutz and NEtson) 169 


Z 


Zein: White, yellow corn, prep 


ration (Mason and PALMER) 
1 








